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The Library of The Queen’s College, Oxford, illuminated indirectly by means of lamps mounted in reflectors 
concealed in the tops of the bookcases. This method is admirably suited for 
a room with decorated ceiling. 
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Electrical Progress and Development 


during 1939. 


By H. W. RICHARDSON, B.Sc., M.I1.E.E. 


Editor of the G.E.C. Journal. 


INTRODUCTION. 


URING the last year British electrical industry 
ID has made an enormous contribution towards 
the national effort enforced upon the country 
by the threat and eventual outbreak of war. The 
production of equipment has increased greatly in 
volume, while many scientific investigations and 
problems of design have been the subject of contin- 
uous activity in research laboratories and technical 
departments. 

Reference cannot be made in this article to work 
undertaken by The General Electric: Co., Ltd., for 
Government purposes; but electricity has wide 
applications apart from those associated with war, 
and it is possible to place on record many achieve- 
ments which bear testimony to substantial progress. 

In present circumstances a factor of vital im- 
portance to ihe nation is the maintenance and 
development of world-wide trade. It is therefore 
most gratifying that G.E.C. export business in 1939 
tell but little short of that of the previous year, which 
formed a record. Moreover, the policy of extending 
Overseas markets is proceeding with vigour, many 
important contracts in fact having been received 
since hostilities began, and the vast resources of the 
Company are organised to cope with an expanding 
export trade without in any way impairing the fulfil- 
ment of Government contracts of great scope and 
magnitude. 

The ability to produce consistently the extensive 
ranges of plant and appliances necessary to meet the 


many sided demands of world electrical requirements, 
rests ultimately upon carefully planned research. 
Full realisation of this fact has guided the G.E.C, 
in basing its manufacturing developments upon the 
results of work undertaken in its Research Labora- 
tories at Wembley, and some account of recent 
activities in these laboratories is given in the next part 
of this article. 


PHOTOMETRY . 


Developments in electric discharge lamps created 
new problems in heterochromatic photometry and 
colorimetry, which have been solved by developing 
special visual and physical photometric techniques. 
More recently, the application of fluorescent electric 
discharge lamps to domestic and other forms of 
interior lighting has made it necessary to measure 
the colour rendering properties’, as distinct from the 
colour of light sources. This is because light sources 
may be of the same colour (i.e., they may appear the 
same, when viewed under similar conditions, by an 
‘average’ eye) and yet have different spectral energy 
distributions. Although non-selectively reflecting 
surfaces or fabrics, such as ‘‘whites’’ or “greys’’ will 
have the same coloured appearances when illuminated 
by light from such sources, since reflection by these 
surfaces produces no change in the spectral energy 
distribution of the light, the coloured appearance of 
selectively reflecting surfaces, such as dyed fabrics, may 
be quite different. Therefore, although the colour of 


| (. C. Paterses (,.b.f lournal. Vol. X. No. 3 p 172. 
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these two light sources is the same, their colour 
rendering properties are different, and it is this 
latter property which it is desired to measure in the 
following two connections :— 

(1) The determination of the most. desirable 
colour rendering properties of light sources 
required for use when performing different 
tasks, at different illuminations. This involves 
major research into chromaticity scales under 
different observational conditions. 

(2) The recording of the spectral luminosity 
distribution of light sources already established 
as satisfactory for particular purposes, so that 
the manufacture of such lamps can be controlled 
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defined wavelength limits. This involves a com- 
paratively simple technique which can be under- 
taken with photometric apparatus such as is 
available in a commercial visual photometric 
laboratory. 

For differentiating and defining the colour 
rendering properties of many electric discharge 
lamps, the method referred to has not proved 
sufficiently sensitive. One recent method, which is 
being used to define the luminosity distribution 
throughout the spectrum, utilises physical photometric 
methods of measuring the relative luminosity in 
eight suitably chosen adjacent spectral bands, 
extending throughout the visible spectrum. 





Fig. 1. Illumination by Uniway lanterns of the Great Western Road, near Glasgow. 


in a manner to ensure uniformity of colour 
rendering properties of the commercial lamps 
or fittings. 

With regard to measurements of the type 
required for (2), in connection with the specification 
of artificial daylight units to be used for colour 
matching purposes: in a draft British Standard 
Specification—shortly to be issued—the colour 
rendering properties are defined by limits of colour 
of the light in trichromatic coefficients on the system 
of the Commission Internationale de |’Eclairage or in 
equivalent colour temperature, together with limits 
on the departure in luminosity distribution through- 
out the spectrum. This latter test is carried out by 
visual photometric measurements of spectral lumin- 
osity distribution made, in turn, through a series 
of spectral filters which transmit light only within 


HIGH PRESSURE MERCURY VAPOUR COMPACT 
SOURCE LAMP. 

Among lamps designed for special purposes the 
extra high pressure mercury vapour compact source 
lamp has been developed in various sizes. Some of 
its applications were discussed before the Illumin- 
ating Engineering Society of London, in a recent 
paper’ which gave the results achieved by the use 
of a 2} kW Osira compact source lamp in a 14-in. 
diameter mirror. This lamp gave only 30 per cent 
less screen illumination than a 55 ampere high 
intensity arc. The colour of the light from the 
mercury lamp was found very satisfactory for the 
projection of black and white films and lantern slides, 
although for dull red and near-red colours in colour 


2. V. J. Francis and G. H, Wilson, Transactions of Illuminating Engineerin 


Society of London, Vol, IV.. No. 4 p. §9. 
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films improvement could be gained by the use of a 
suitable filter. 

Other applications to different forms of projection 
apparatus are also being thoroughly explored, and 
in the near future it is anticipated that lamps of this 
type will become available. 


UNIDIRECTIONAL STREET LIGHTING. 


The system of unidirectional lighting for one-way 
and dual-carriageway roads’ has been further devel- 
oped and has been used on several roads with consider- 
able success. The high revealing power expected 
was obtained, and it was found that by careful design 
of special lighting fittings excellent illumination 
could be obtained with a remarkably low power con- 
sumption. One of these fittings, the Uniway lantern, 
is now fitted with a glass mirror reflector. An 
installation using these lanterns is seen at fig. 1. 


ROAD SURFACE REFLECTION PROPERTIES. 


A theoretical investigation of the reflecting 
properties of a road surface, which are very complex, 
has now been published*; this has enabled these 
properties to be explained on a rational basis and 
has introduced certain simplifications into the study 
of street surface brightness. 


DISCOMFORT GLARE. 


Experiments on the factors affecting discomfort 
glare in streets have been much extended and are 
now completed. The results obtained enable 
discomfort glare to be predicted and provide 
data which will assist in the design of street 
lighting distributions. The scope of the investigation 
has been wide, and has included the study of many 
different factors and their interrelation ; the effects, 
for example, of mounting height, area of lantern, 
light distribution, colour of light, arrangement of 
lanterns, power employed and additive effects. 


STREET LIGHTING LANTERNS. 


A totally enclosed fitting of somewhat similar 
design to the open type of trough reflector has recently 
been developed for use with horizontally burning 
Osiralamps. The reflector contour and the enclosing 
globe, which has a rimpled finish similar to that 
already in use in one form of globe for the Wembley 
lantern, are combined in a one-piece blown glass. 
The lantern body is made of aluminium alloy and 
is arranged for side-entry fixing to the bracket. 
The housing also carries the magnetic deflector 
which controls the position of the arc in the horizontal 
discharge lamp. 

A new design has been developed for the range 
of dome refractors of the Wembley lantern. The 
smallest size (suitable for the lower wattages) has 


3. Christoper, Smyth and Waldram, G.E.C. Journal, Vol. X., No, 3, p. 205. 
4. A. Bloch. Transactions of Iuminating Engineering Society of London, Vol. 
IV.. No. 8 p. 113. 
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already been introduced, and the other sizes are in 
course of production. 


CATHODE RAY TUBES. 


The rapid increase in output of cathode ray tubes 
to meet the public demand for television brought with 
it many manufacturing problems requiring chemical 
and physical research. The solution of these problems 
has made possible a high speed of production with 
maximum economy. 

The design of a range of magnetically focused 
and deflected tubes, fig. 2, was completed and 9-in. 
and 7-in. tubes were put into production, with larger 
sizes following. These tubes, which are of the 
triode type requiring only the application of heater, 
modulator and accelerator volts, are designed for a 
modulation input of 30 volts and for acceleration 
voltages of 3,500 to 6,000 volts according to size. 
These tubes are very short, using wide angle deflec- 
tion and allowing direct viewing of the picture in a 
cabinet of small back to front depth. They were 
incorporated in new television sets described 
later in this article. The use of the very successful 
Short 12-in. electrostatically controlled tube was 
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Fig. 2.-Magnetically focused and deflected cathode 
ray tubes, showing 7-inch, 9-inch and 12-inch 
sizes ; the units of the scale are inches. 


continued and the relative merits of the electrostatic 
and magnetic methods of operation are still somewhat 
in the balance when the more distant future is 
considered. Both are capable of excellent perfor- 
mance. 


BOILING PLATES. 


New methods of life testing boiling plates of the 
cast iron type have been devised to facilitate study 
of behaviour of the casting under the severe conditions 
which it has to withstand in normal service. In one 
test use is made of aluminium pans, the bases of 
which are machined concave and spherical in shape 
to leave a gap of 1,10in. at the centre between the pan 
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and the plate. A constant water level is main- 
tained in the pans and the boiling plates are 
switched ‘“‘on’’ and “‘off’’ automatically. During 
the “‘on’”’ period of one hour the water in the pan 
reaches boiling point after about fifteen minutes and 


in the subsequent “‘off’’ period the water, pan and 
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Fig. 3.-A new safety device for use with 


G.E.C. immersers. 


plate cool down for half an hour before the next “‘on”’ 
period. The outer parts of the boiling plate castings 
are kept cool by contact with the aluminium pan, and 
the central parts of the casting reach comparatively 
high temperatures due to the temperature differences 
between plate and pan which are necessarily set up 
in order to transmit the thermal energy across the 
air gap. Under these conditions the temperature 
gradients across the surface of the casting, and 
consequently the stresses to which the casting 1s 
subjected, are very severe. 

Another useful test consists of the application 
of intense thermal shocks to the casting by dropping 
cold water on to it while it is at the maximum steady 
temperature with no utensil in use. 

A very substantial improvement has been effected 
in the resistance of the castings to cracking as a result 
of th: experience gained from these tests. 
IMMERSERS WITH SAFETY DEVICE. 

The range of sheathed-wire immersers has 
been extended by the development of a model which 
incorporates a safety device. The new heater 
is available in loadings of 1, 2, and 3 kW, and while 
it was designed primarily for use in the boilers 
fitted to dairy sterilizing chests, it 1s applicable to 
any form of water heating apparatus which operates 
at atmospheric pressure. A _ single loop-shaped 
element is employed, and this is bent back on itself 
in order to keep its overall length as short as possible. 
The safety device, which is illustrated in fig. 3, 1s 
mounted in the cylindrical brass head into which the 
ends of the element are fixed. Two silver faced 
contacts are provided, one fixed and the other 
mounted on a phosphor bronze leaf spring which 
normally keeps them closed. When the element 
becomes overheated a bimetallic clip, fixed in good 
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thermal contact with the base of the head, opens and 
releases a spring-mounted dolly which lifts the 
phosphor bronze spring, thereby separating the con- 
tacts. The contacts and the element terminal pillars 
are mounted on a bakelite moulding. A tubular fibre 
cover with a bakelite end cap is provided and the 
electrical connections can be made through either 
the side of the cover or the end cap. 


SILENT ACTION TUMBLER SWITCHES. 


The slow short break principle, which has been 
successfully employed for many years in thermostatic 
switches, has been applied to the design of a silent 
tumbler switch for use in alternating current circuits. 

The switch embodies many novel features, but 
is nevertheless interchangeable with the standard 
2}-in. diameter switches and does not differ from them 
substantially in external appearance. The general 
arrangement is shown in fig. 4. The mechanism, includ- 
ing all the current carrying parts, is mounted on the 
underside of a moulded plate (or sub-base), fig. 5 (a), 
and is enclosed by a second moulding, fig. 5 (b), which 
serves as the base of the switch. The two mouldings 
are permanently joined together by two rivets and the 
joint between them 1s effectively sealed by means of 
a waxed paper gasket. The most interesting com- 
ponent of the switch is the moulded dolly, fig. 5 (c). 
This incorporates three cams, the largest of which is 
centrally situated and engages with a simple flat 
spring located in the base. This cam is so shaped 
that while definite positioning of the dolly is ensured 
its movement is arrested without shock, thus enabling 
silent operation to be obtained without the use of 
separate shock-absorbing devices. Each of the other 
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Fig. 4.—General arrangement of the ‘‘Mutac’’ silent 
switch. 
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cams (in the single pole switch only one is used) 
operates a phosphor-bronze blade which carries the 
moving contact. A small brass plate which is directly 


attached to one of the terminals, serves as a base for 


the fixed contact. The surfaces of both the fixed 
and moving contacts consist of silver which is rolled 
into the base metal during manufacture. The 
phosphor-bronze blade constitutes a stiff leaf spring 
which is lifted positively by the action of the cam, and 
acts in such a direction as to close the contacts. 

The switch is designed to give a gap of approxim- 
ately 0-025in. between contacts when in the fully 
open position. The speed of break obtained in 
normal operation has been shown by oscillograms to 
correspond very closely to that required to ensure 
minimum loss of energy and thus the least damage 
to contacts. It has been proved experimentally, 
however, that both the gap between the contacts 
and the speed of operation can vary between quite 
wide limits without materially affecting the perform- 
ance and life of the switch. 

Owing to the simplicity of design, the small 
number of components and the accuracy with which 
the simple pressings and the mouldings can be 
manufactured, the dimensions and performance are 





(a) The moulded sub-base on the underside of 
which the mechanism is mounted. 





(b) Moulded base. 


now being manufactured in one and two-way single 
pole, and one-way double pole types, in either brown 
or cream finish. 


TELEPHONE TRANSMISSION. 


Twelve channel carrier systems have been installed 
for the G.P.O. in increasing numbers by Telephone 
Works, and these methods of telephone transmission 
continue to be the subject of intensive research and 
development both on the systems as a whole and on 
negative feedback repeaters, valves, quartz crystal 
resonators, dust core coils and other components for 
use inthem. As telephone transmission now includes 
in its range the use of frequencies suitable for coaxial 
cables capable of operation to two megacycles or 
more, a feature of the work has been the design and 
provision of convenient transmission measuring 
apparatus for such cables, in which the Pirelli General 
Cable Works have specialised. 


RADIO INTERFERENCE. 


Further work has been carried out at Witton 
Development Department which has completed the 
designs of suppressors, to ensure that radio inter- 
ference from appliances shall not exceed the limits 





(c) Moulded dolly. 


Fig. 5.—Some of the components of the ‘‘Mutac’’ silent switch. 


uniform. Many of these switches have been sub- 
mitted to life test controlling a non-inductive load 
of 10 amperes (twice the rated current) 250 volts 
A.C. and in no case has failure occurred before 
80,000 operations have been completed. The 
British Standard Minimum Requirements for 
Electrical Appliances and Accessories, No. 816 (1938), 
calls for 12,000 operations at rated loading. 

As the extensive use of moulded materials is a 
departure from generally accepted practice in switch 
design, comprehensive tests have been carried out 
under extreme conditions of temperature and 
humidity, exceeding in severity those of tropical 
climates. The results of these tests prove con- 
clusively that the switches can be used with 
confidence under all conditions likely to be en- 
countered in practice. 

As already indicated the new switches, which bear 
the trade name “‘Mutac,”’ are rated at 5 amperes 250 
volts A.C. Surface and flush mounting types are 


prescribed by British Standard Specification No. 
800 (1939). In addition, special attention has been 
given to equipment for use where the conditions are 
unusually stringent. The Research Laboratories co- 
operated with Express Lift Works in investigating 
interference produced by lifts, and especially in the 
design of suppressors for the eleven lifts for the new 
Mauretania ; suppressors for fans and motors on 
this and other ships were designed in conjunction 
with Witton Works. In these cases it was necessary 
to ensure a very high degree of suppression not 
only in the normal broadcasting bands but also 
on the whole short wave range used by the 
essential radio equipment of the ship. The results 
achieved were entirely successful. 

Interference from neon signs has been further 
investigated and it has been possible to ascertain 
exactly how the oscillations are generated. This has 
enabled the design of suppressors to be approached 
in a logical manner. 
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An article dealing with this subject 
appears later in this issue. 


TURBO PLANT. 


Three of the large turbo-alternators 
which have been put in hand at Witton 
Engineering Works during the year are 
for undertakings for which similar sets 
have been built previously. Thus a 
40,000 kVA 3,000 r.p.m. set is the third 
of this size and the tenth set in all for 
Johannesburg Municipality. A 17,000 kW 
set represents the fifth of this rating for 
Adelaide Municipality, while a 37,500 kVA 
unit is the third for an English borough. 
For geared turbo sets the chief demand 
has come from the colliery and paper 
industries. The turbines, both for direct 
and geared drive, are being made at the 
Company’s Erith Works. There are also 
in course of construction in this works 
two turbo blowers for export to Australia 
which are amongst the largest machines of this type 
to be built; they have a capacity of 52,000 cu. 
feet per minute at a pressure of 21 lbs. per 
sq. inch. 


Fig. 7. 


HEAVY CURRENT GENERATORS. 

The increasing use of electrolytic plant has 
created a demand for low voltage heavy current 
generators, and several machines with voltages 
between 5 and 50 volts and current outputs up to 
7,000 amperes have been built. 

A very interesting application of heavy current 
generators of this type is to the mechanical testing 
of large rotors for turbo-alternators. This is a result 
of the steady increase in the dimensions of rotors, 
which necessitates the passing of much larger 








Fig. 6. Two 1,500 KW turbo-alternator sets, 500 volts, 3,000 r.p.m., with 
main switchboard, in the power house of a South African sugar company. 
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Engine testing set for Johannesburg Municipality comprising 
two D.C. generators with rocking stators coupled together, and an 


Avery balance for measurement of torque. 


currents through the forgings in order to obtain 
the necessary standard of accuracy when making 
drop tests. The armatures of heavy current gener- 
ators used for this purpose are double wound and 
provided with a commutator at each end, the com- 
mutators being connected in parallel externally. 
The ventilation of the machines introduces a number 
of special features. 


ENGINE TESTING PLANT. 


A type of engine testing plant of special interest 
to municipal transport undertakings has been placed 
in service, and it has been established that improved 
performance is obtained from overhauled engines 
which have been tested before being put back into 
service. A testing plant of this type as supplied to 
Johannesburg Municipality is shown 
at fig. 7. 

The set consists of two D.C. 
generators, the shells of which are 
rigidly coupled and suspended on 
trunnion bearings. The reaction 
torque from the magnetic systems 
is transmitted to an _ accurately 
calibrated balance equipped with a 
large circular scale, and the mech- 
anism used ensures a _ positive 
reading for either direction of the 
torque. 

Two shaft extensions are provided 
so that an engine can be assembled 
at one end while a second unit is 
being tested at the opposite end. 
Universal stands with screw operated 
mechanism for adjusting the centre 
height are mounted at each end; these 
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are made suitable for carrying a wide range of petrol 
and Diesel engines, and also electric traction motors. 

The control panel is provided with a variable 
resistance for starting and running in, which is 
operated by an external handwheel, and controls 
the speed between 455 and 1,500 r.p.m. over which 
range the “generators” function as motors. 

After reaching the maximum “‘running-in” speed 
the engine ignition is switched on and the throttle 
opened to the desired extent. The flow of energy 
is now reversed and the engine drives the generators 
which now feed into the supply mains, the speed 
of the combination being determined by the strength 
of the generator field. Progressive weakening of 





The set shown at fig. 7 is capable of testing 
engines and electric motors up to a maximum torque 
corresponding to 150 h.p. at 1,500 r.p.m. and is 
continuously rated between this speed and 3,500 
r.p.m. 


MERCURY ARC RECTIFIERS. 


The great success achieved by the pumpless air- 
cooled steelclad rectifier is evident from the extensive 
nature of the demand from supply authorities, 
traction authorities and industrial undertakings in 
every part of the world, fig. 8. Overseas countries 
for whom rectifier units are now being built include 
South Africa, India, Australia, New Zealand, 


Arie 


Fig. 8.—-G.E.C. pumpless air-cooled steelclad rectifiers awaiting despatch. Some 
of the units shown are for Australia, South Africa, Argentine, China, Denmark 
and Greece. 


the field by means of main and vernier field regu- 
lators, reduces the opposing torque of the generator 
and allows the engine to accelerate and the speed to 
balance again at a higher value until the maximum 
of 3,500 r.p.m. is reached. 

During this period the greater part of the energy 
developed by the engine is fed back into the supply 
mains, so that this method of testing represents the 
most economical means of obtaining full load data 
from automobile and similar engines. 

In order to guard against overload and overspeed, 
safety devices operate on the ignition switch and stop 
the engine in emergency in addition to isolating the 
generator from the supply. 


Argentine, Denmark, Greece and Spitzbergen. 

Development work continues, and cylinders 
capable of giving 1,000 amperes with overload ratings 
are now available with or without grid control. The 
grid control gear has been improved so that it gives 
a higher degree of reliability, smoother and more 
precise control, and quicker response. 


HIGH POWER SWITCHGEAR. 


One section of a contract for air cooled rectifier 
equipments for London Transport includes oil 
circuit breakers for protecting the transformers 
feeding the rectifiers. For this service, the utmost 
rapidity of operation is necessary in order to cut off 
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the supply to the rectifier in the event of a back-fire. 
A breaker, fig. 9, has therefore been evolved which, 
although following conventional design, gives oper- 
ation at least as rapid as that obtainable from breakers 
to which the description “‘high speed”’ is specifically 
given. Lightness of moving parts contributes 
greatly to the result achieved. 

This type of breaker has a breaking capacity of 
500 MVA at 22 kV and is fitted with side blast 
arc control pots, which give rapid extinction of the 
arc at small fault currents. The necessity for this 
arises from the fact that the current which flows 
when a rectifier back-fires is limited by the impedance 
of the rectifier transformer. It is thus very much 
less than the fault current of the network to which 
the transformer is connected. In the case in consider- 
ation the short circuit to be interrupted upon a 
back-fire is about 12 per cent of the rating of the 
circuit breaker. 

The result of tests made in the Witton high power 
testing station showed that at 10 per cent of the full 
rating of the breaker the arc duration is only two 
half-cycles and that it remains practically constant 
over the whole range of currents, decreasing slightly 
as the current is increased. The breaker is also 
suitable for an over-rating of 600 MVA. The 
total clearance time is 0-08 seconds. 








Fig. 9. Detail view of one phase of a 22 kV 500 MVA 
three-phase oil circuit breaker for stonework cubicle 
switchgear. 


In order to obtain the utmost rapidity of tripping, 
the circuit breakers are fitted with direct acting 
overload releases fed from current transformers 
without the interposition of overload relays. 

The moving contact cross-bar combines lightness 
with strength to a remarkable degree ; it consists of 
a steel tube into which 1s inserted a copper rod of 
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suitable section, the whole being then bent to shape ; 
copper arcing tips faced with G.E.C. heavy alloy 
are screwed into the two ends. The cross-bar is 
attached to the lifting rod by means of a ““U”’ shaped 
clip which is welded to the steel tube, and bolted to 
the insulator. This construction has been protected 
by provisional patent. 

It should be noted that the two hanging eyes, 
shown in fig. 9, are for tank lifting purposes. 

A new type of 750 MVA 33 kV outdoor 
oil circuit breaker is distinguished by small 
dimensions and high breaking capacity. The three 
phases are accommodated in a single tank and either 
spring or solenoid operating mechanism can be fitted. 
The arc control pots are of very small size and 
economical in construction. They are of the side 
blast type and embody a patented arrangement? of 


we. 





Fig. 10.22 kV 250 MVA metalclad switchboard at 
Haverfordwest Power Station of the West Cambrian 
Power Co., Ltd. 


vents and splitters which produces very high 
efficiency. 

Several metalclad switchboards have been built 
of which a typical example is shown at fig. 10. 


D.C. SHORT CIRCUIT TESTING STATION. 


The equipment of the D.C. short circuit testing 
station has been considerably increased. The various 
control and safety arrangements are on the same 
lines as those employed in large A.C. testing stations, 
and include heavy main busbars, series resistance 


5. Provisional Patent No. 22809/38. 
6. British Patent No. 510030. 
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: 
; and inductance banks, making contactor, protective TRANSFORMERS. 
y circuit breaker, safety and oscillograph interlocks, A further part of the contract for air cooled 
IS observation slits, control station and six-element rectifier plant for London Transport, referred to 
d earlier, included twenty-two 22 kV transformers each 
0 to feed a twin set of 12-phase rectifiers. The con- 
d nections and winding arrangement has been designed 
to ensure equal division of load between the 24 
S, anodes involved, and in addition phase displacing 
windings are included on the H.T. side to enable 
or two equipments to be operated in parallel as an 
ul effective 24-phase combination if required. The 
-€ L.V. side of one of these transformers for use with a 
or 2000 kW rectifier is shown in fig. 11. 
d. | Other transformer equipments now on hand 
d include two of 45,000 kVA 132/33 kV for the Central 
le Electricity Board, and several of large output for 
of export to New Zealand and Tasmania, the high 
tension voltage of these units being either 110 kV 
or 66 kV. 
INDUSTRIAL ELECTRIFICATION. 
A large amount of plant and equipment has been 
; constructed for the iron and steel industry, one of the 
most important contracts undertaken being that for 
the Hawarden Bridge Steel Works of John Summers 
7 & Sons, Ltd.2 Some of the most interesting 
Fig.11.—-22 kV rectifier transformer for London Transport, drives are for the slabbing mill auxiliaries, which 
supplying a 2,000 KW air cooled mercury arc rectifier, 
| 630 volts D.C.; view of the low voltage side. 
; 
oscillograph. Asa result of the increased convenience 
and reliability of the station, the number of tests 
made upon D.C. circuit breakers and fuses has 
rapidly increased, and the development of further 
models has been greatly facilitated. 
LIQUID EARTHING RESISTANCES. 
8 As pioneers of liquid earthing resistances in this 
country the G.E.C. has supplied large quantities for 
use in power stations and on distribution systems. 
Recently an extensive series of high power tests Fig. 12.150 h.p. D.C. steelworks motor for driving 
was made with a view to improving the design of ey See 
_at this type of unit, so as to meet the new conditions 
way 2 created by the great increase in the short circuit consist of the tables, manipulator, screw-down and 
Hi capacity of networks during the last few years. The Shear drives; these operate on the three field 
igh f modifications made to the design, based upon the generator system with power supplied from two 
; results of the tests, have increased considerably the synchronous motor-generator sets, an individual 
uilt : reliability of these resistances. The most important generator being provided for each of the drives. 
: innovation has been the substitution of a patented The shear drive is one of the largest of its type in 
: electrode’ of “‘pear drop’’ form, instead of the earlier this country. It operates in such a manner that the 
spherical, cylindrical or disc electrodes. Careful whole duty cycle, consisting of acceleration, cutting, 
Hing choice of dimensions of electrode and tank has deceleration and stopping at a _ pre-determined 
ous enabled the rating of the resistances to be increased fixed position, is completed in ten seconds. 
ame without risk of flashover. The design of the bushing The slabbing mill tables are divided into five 
ons, insulators carrying the electrodes has also been sections individually controlled and driven by 46 
ince improved. motors operating on a 250 volt, 3-phase, 11 cycle 


Provisional Patent No. 27448/39 


8. G.E.C. Journal, Vol. X, No. |, p. 18. 
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supply obtained from a 385 kVA _ motor-alternator 
set. The hot mill run-out table, fig. 13, consists of 
121 rollers divided into two sections, each roller 
being driven by an individual motor of variable speed 
which obtains its supply from two 260 kW variable- 
frequency alternator sets, 16-7/50 cycles, 134/440 
volts, three phase. The system of distribution is 
unique and consists of a number of contactor type 
group feeder switches, each feeding a busbar chamber 
equipped with 12 thermal cutouts so that each live 
roller motor 1s protected. 

The 140 D.C. mill type motors with outputs 
varying from 5 to 150 h.p. have been placed in 
commission ; one of these motors is shown 1n fig. 12. 

Of the many rolling mull equipments being 
manufactured two of the most interesting are for 
tube mills, one situated in Scotland and the other 
in Spain. In both cases the principal drives are 
the piercer and the pilger mill, the former being 
driven by a geared induction motor and the 
latter by a D.C. motor with Ward-Leonard control. 
At the mill in Scotland the induction motor for 
the piercer is rated normally at 720 h.p. 11,000 
volts, and the pilger mill motor at 800 h.p. 550 
volts. Corresponding ratings for the motors in the 
Spanish mill are 1,700 h.p. 3,000 volts and 750 h.p. 
510 volts. 
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The motor-generator set employed for supplying 
this 750 h.p. motor is rated at 1,130 h.p. and includes 
a second generator which supplies motors driving a 
reducing mill. 

Strip coiling’ has been the subject of much 
further experimental work, and two important 
improvements have been made in the methods 
employed. The first makes a wider range of tension 
possible, and the second provides for more efficient 
compensation for speed changes. These improve- 
ments enable a wider range of product to be obtained ; 
for example, a mill designed originally for sheet steel 
would be able to deal effectively also with tinplate. 

A heavy duty squirrel cage motor'’ for driving 
a clay gun for plugging the outlet of a blast 
furnace after pouring, has now been in successful 
operation for several months at one of the blast 
furnaces of Guest, Keen and Baldwins Iron & Steel 
Co., Ltd. 

The clay gun has a 63-inch bore and is 18 ft. 
long. When plugging, the force developed behind 
the clay is approximately 35 tons. The motor is 
rated at 20 h.p. 550 r.p.m. and develops full load 
for half an hour with a temperature rise of 50°C. 
in an ambient atmosphere of 45°C. It is a high torque 


9. G.E.C. Journal, Vol, = Se 
10. G.E.C, Journal Vol. X, No. 1, p. 











Fig. 13. 


Hot mill run-out table at the Hawarden Bridge Steel Works of John Summers 
& Sons, Ltd.; each roller is driven by a variable-frequency motor. 
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high resistance machine, and when thrown on the 
line gives a starting torque equivalent to 1-57 times 
full load torque while drawing three times full load 
current. It can be stalled at full voltage for 20 
seconds, the maximum stalling torque being equal 
to 1-6 times full load torque. The specified duty 
cycle is as follows: start against full load torque, 
run at full load torque for 
3 minutes, stall for 15 seconds, 
stop; stand for 15 minutes, 
reverse at full load torque, run at 
full load for 3 minutes, stop. 

The clay gun lowered into the 
plugging position is shown at fig. 15. 

A wide range of plant is 
being manufactured, partly at 
Fraser & Chalmers Engineering 
Works and partly at Witton 
Works, for a mining scheme of 
considerable magnitude which 
forms an extension to the under- 
taking of the South Banket Areas 
Gold Mine in West Africa. The 
equipment is for a cyanide plant 
with capacity of 500 tons a day 
and includes conveyors, crushing 
plant, treatment plant, aerial rope- 
ways, etc., and also three 725 kW 
oil engine driven alternators, main 
power station switchgear, trans- 
mission lines, outdoor sub-station 
equipment, a large number of 
transformers, motors with total 
capacity of 1,600 h.p., and motor control gear. It is 
hoped to publish a full description of this plant in 
a subsequent issue of this Journal. 

An interesting power unit for a South African 
gold mine consists of a Fraser & Chalmers turbo 
type compressor driven through speed increasing 
gears by a 3,400 h.p. salient pole synchronous motor, 
3 phase, 50 cycles, 1,500 r.p.m. The speed of 
the compressor is 5,400 r.p.m. The motor for 
another set of this type is shown in fig. 14. 





Fig. 14.-2,660 h.p., 1,540 r.p.m. synchronous motor for driving turbo type 
compressor at 5,250 r.p.m. through speed increasing gears. of the 


Centralised control of coal washing plant has 
been introduced in a number of collieries, 
including one in China. In addition to many 
obvious advantages the method offers considerable 
economy in cabling, as it is only necessary 
to provide main power cable to the contactor 
board from which smaller cables are run to 





Fig. 15.—The tapping hole of a blast furnace plugged by means of a clay gun. 
Enclosed in the body of the gun are 2 special squirrel cage motors, one a 
20 h.p. gun motor for ejecting the clay, and the other of 10 h.p. for lateral 


motion. 


the motors and multi-core cables to the push 
button control stations. A typical view of an instal- 
lation of this type is given in fig. 16. 

Developments in the application of dynamic 
braking to A.C. winders has formed the 
subject of considerable experiment. Although the 
first cost of the A.C. winder is less than that 
of the D.C. Ward-Leonard controlled equipment, its 
running costs are higher due to the inherent lack 
of regenerative braking characteristics except when 
running above synchronous speed. 
The methods hitherto available 
for braking when the winder drum 
was being pulled round by an 
unbalanced load have been: (1) 
mechanical brakes; (2) reverse 
power braking. The first of 
these methods involves wear and 
tear on the brake shoes, and 
the second demands a_ great 
dissipation of energy into the 
liquid controller. The new 
method referred to cuts off the 
A.C. supply from the _ stator 
motor and _ energises 
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Fig. 16 (above).—-Main contactor 
starter board for the centralised 
control of 44 motors driving 
coal washing equipment at the 
Glass Houghton and Castleford 
Collieries, near Leeds. 


Fig. 17 (right). G.E.C.-Fraser 

& Chalmers winding plant at 

the Calverton Pit of the B.A. 

Collieries Ltd., Nottingham ; 

the drive is geared A.C. by a 

525 h.p. 3,300 volt induction 
motor. 


its windings with a suitable value of direct current 
so that it runs as an alternator, and only the 
kinetic energy due to the moving parts has to be 
dissipated in the controller. This method is much 
more economical than reverse power braking. 

Many industrial schemes of a comprehensive 
nature are being undertaken for overseas countries. 
Typical examples are afforded by: (1) a textile 
mill in India which 1s being converted from steam 
to electric drive, and (2) a railway company in 
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Argentine for which two turbo-alternators and 
a large number of transformers, motors and 
switchboard units are being built. 

Equipment for a new type of automatic garage is 
being constructed. The system involved is known 
as the ““Auger.’” The cars are parked upon small 
movable platforms, which are arranged to form a 
series of files, each for a maximum of 10 cars. The 
files are grouped in pairs, and at the end of one of 
the files of each pair, one platform is kept as a recep- 
tion or delivery space. A system of rods, cams and 
elevators, controlled by push button, enables the 
platforms—and hence the cars—to circulate in either 
direction. The required car is selected by means of 
a dial, and is moved automatically to the delivery 
section. 

Many electric arc welding equipments, both 
A.C. and D.C., have been made and supplied for a 
wide variety of purposes in connection with railways, 
bridges, collieries, steelworks and numerous other 








industrial undertakings. A large proportion of the 
sets are portable, and a very interesting example of 
this type of set is shown in operation at fig. 19. 

A very interesting application of a welding 
transformer is the annealing of flat steel springs, after 
cold rolling from ordinary wire section down to an 
average size of 3/16 inch wide by -025 inch thick. 
Current is applied from the secondary side of the 
welding transformer, the mill itself forming one 
terminal and rollers at a variable distance the other. 
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MARINE ELECTRIFICATION. 


The operation of Diesel engine driven 
alternators and synchronous motors 
employed for main propulsion, creates 
two main problems. The first arises 
because considerations of cost and weight 
render desirable the adoption of high 
speed machines, and this involves the use 
of several small alternators in parallel. 
Since the speed control of A.C. propulsion 
motors has to be effected by varying the 
speed of the prime movers, the alternators 
must operate in parallel over a wide 
range of speeds. To ensure rapid 
manceuvring the alternators have to be 
kept in parallel during the period of 
time occupied in changing over the main 
connections to the motors for reversal 
purposes. 

The second problem is due to the 
drooping characteristic of the Diesel 
engine torque/speed curve. Unless the 
engine is made very much larger than is 
necessary for normal full load conditions, 
it is inherently incapable of overcoming the back 
torque from the propeiler, when the speed of the 
propeller is reduced rapidly or the propellers are 
reversed. In the case of turbo-electric drive, the 
inherent characteristic of the steam turbine gives the 
required rapid reversal of the propeller ; steps which 
have now been taken ensure that the same speed of 
reversal is obtained with the Diesel-electric drive. 

Provisional patents'’ have been taken out to 
deal with these problems. One method adopted for 
retaining the alternators in synchronism during 
manceuvring, is to keep the alternators excited and 
to open the main motor circuit at a low current 
value, which is attained approximately as the 
engine is slowed down by about 30 per cent 
of the speed. At this point the engine 
torque approximately balances the back 
torque from the propeller driven by the 
ship’s momentum, so that the current is 
negligible. The main motor circuit having 
been opened and the alternators remaining 
still excited and paralleled on their own 
bus bars, the motor field circuit is opened, 
and a suitable value of D.C. applied 
to the main stator windings of the motor. 
Since the synchronous propulsion motor is 
also provided with a squirrel cage starting 
winding on the rotor, this D.C. stator 
excitation converts the motor into an 
alternator running under short circuit 
conditions, thus acting as a dynamic brake. 
The energy given out by the propeller is dis- 
sipated in heat in the rotor, and the speed 


Fig. 
Catchment Board. The set is seen in operation on a mole drainer. 


11. Provisional Patent Nos. 30756/38, 32240/38 and 32539/38. 


Fig. 18. 





19. 





A row of horizontal millers driven through chains by 74 h.p. 


squirrel cage motors, 400 volts, 1,440 r.p.m. 


is rapidly reduced to a value at which the back 
torque from the propeller is sufficiently low to be 
dealt with by the Diesel engine when running at 
reduced speed. When this point is reached the D.C. 
is again cut off from the stator which is reconnected 
for reverse rotation to the paralleled alternators. The 
motor then pulls up the propellers and drives these 
in the reverse direction as with a steam engine drive. 

Another scheme involves the use of machines 
with special windings, but considerations of space do 
not permit here a detailed description. It should be 
stated, however, that the method gives a smoother 
transition from the dynamic braking to the final 
reversal. 





Portable D.C. welding generator for the River Ouse 








MATLWAY ELEC. TRIPICATION 


I iCCcTricaAl equip nt uw ie iny onstructed tor cight 


ar trains to run on the Manchester -Shefhield-Wath 
tion of the London and North Eastern Railway. 
Many interesting features have had to be con 
iered in the design of this equipment, due largely 

to the fact that it has to be suitable for operating on a 
ine employing heavy main line locomotives equipped 
tor electrical regeneration. This has necessitated the 


design allowing for line pressures up to 1,800 volts, 
whereas normally without regeneration on the line 
| ,660 volts is specihed as the maximum. When these 
coaches are in operation they will be the first in 
England working on a 1,500 volt line in conjunction 
with locomotives capable of heavy regeneration. 

Other important contracts include railway motors 
for the tube and surface lines of London Transport 
(bringing the total number of motors contracted for 
in connection with the most recent extensions to 
over 1,400), field shunting equipment for 53 Metro- 
politan line coaches of the same system, and auxiliary 
equipment for eight non-driving trailer coaches for 
the Manchester-Altrincham Railway. 


TROLLEY BUS EQUIPMENTS. 


Electric equipments for a large number of trolley 


buses have been manufactured during the 
past year. Many of these are for over- 
seas service, the bus shown in fig. 20 
being one of 34 supplied to the Pretoria 
City Trarsport undertaking. Buses for 
Edmonton, Canada, are of the single 
deck high performance type. The motors 
are rated at 135 h.p. and are believed to 
be the highest powered motors ever used 
on a single decker trolley bus. A speed 
of over 40 mules per hour can be 
obtained. In view of the winter con- 
ditions in Canada, the motors are of the 
pipe ventilated type, this construction 
preventing the ingress of snow to the 
machine. The ventilating air is drawn 
through a duct having an air inlet on the 
side of the bus. 

Many further equipments are in course 
of manufacture for buses which will run 
in various parts of the world, including 
Belfast, Durban, Hobart, Rotherham and 
South Lancashire. 

The order from Belfast Corporation for 114 
equipments is the largest of its kind ever placed— 
apart from those placed by London Transport. The 
motors are rated at 105 h.p., 550 volts, 1,200 r.p.m. 
and weigh only 1,350 Ibs. They are fully com- 
pounded giving regenerative and rheostatic braking. 

A system of limited regenerative control has been 
much employed. It is applied on systems associated 
with regeneration on which compound motors are 
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Fig. 20. 
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required by reason of their special suitability for 
rheostatic braking, but in which no regeneration 
ensues within the normal limits of the speed of 
operation of the vehicle. 

Much practical development has been effected 
in the coasting type of rheostatic brake employed 
as a check against runaway in districts where there 
are hills with severe gradients. 


ORE BEDDING AND RECLAIMING. 


A complete ore bedding and reclaiming plant 
embodying the Robins Messiter system has been 
installed in a prominent English steelworks—it 1s 
the first of the type in this country. 

Belt conveyors mounted over the ore bed are 
equipped with special high speed trippers which 
discharge the ore, coke and flux so that the piles 
built up are uniform in composition and physical 
character throughout their length. When reclaimed 
the section of the face of the bed is thoroughly mixed 
by the action of the reclaiming machine, so that a 
charge of practically the same composition may be 
delivered to the furnaces continuously. The machine 
consists of a travelling carriage upon which an 
inclined harrow is suspended. To reclaim the 


blended ores from the bed the machine travels 





One of thirty-four trolley buses equipped for Pretoria City 


Transport. 


slowly forward and the harrow, which has a recipro- 
cating motion, rakes down materials, discharging them 
into a transverse plough conveyor suspended on the 
underside of the reclaiming machine. Tunnel 
conveyors are installed for receiving the blended 
ores and delivering them to the desired destination. 
After disposing of the materials from the bed the 
reclaamer, which has a reverse travel motion, is 
returned to its original position and transferred to 
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Fig. 21.—-Six-coach electric train for service on the Morden line of the 
underground railway section of London Transport. 


further beds by means of a transfer car. One end 
of the machine in operation is shown at fig. 22. 


THE “ZONING SYSTEM” FOR INTERCONNECTED 
LIFTS. 

The methods favoured in the past for inter- 
connecting two lifts while constituting an improve- 
ment upon two completely independent automatic 
lifts, have been subject to certain disadvantages 
which have prevented a service of maximum effici- 
ency being obtained. Nevertheless, when properly 
controlled, two collector lifts operating either on 
automatic two button collector control or signal 
control from a common set of landing call buttons 
can be made to give the most efficient service that 
it is possible to achieve with two lifts. 

A completely new circuit termed the “Zoning 
System” has been designed at the Express Lift 
Works, and two lifts operating on this system are 
capable of providing a service equivalent to that 
given by a larger number of lifts having other forms 
of control. The general principles are as follows :— 

(1) The position of each car and the direction in 
which it last travelled are “recorded’’ in the con- 
troller and (disregarding for the moment calls 
registered in the car) immediately a landing call 
is inserted the nearer car set in the correct direction 
starts in response to this call. 

(2) If a number of landing calls 1s inserted it 
does not necessarily follow that both cars will start 
in response to them. If all the calls are from such a 


‘ source as to be in the operating zone of one car, 


the other car remains ready to answer further calls 
that would not be answered by the first car until it 
reversed its direction. If, for example, one car 1s 
midway in the shaft travelling upwards, all calls 


behind that car become automatically in the operating 
zone of the other car, and even though the second car 
may be above the first lift it will proceed directly 
to its own operating zone. 

(3) In the case of a car carrying passengers as 
well as answering landing calls it is conceivable that 
it may have to pass the other car in order to deposit 
its passengers. In so doing it automatically becomes 
better placed to take certain calls that were previously 
in the zone of the car it has passed. In this instance 
a portion of the operating zone of the one is now 
transferred to the other car. 

(4) The above system can be applied also to 
signal control. In this case it 1s obvious that 
attendants must not be allowed to start on their own 
initiative, neither must they be able to control the 
direction of travel except in special circumstances for 
which provision can be made. A starting signal is 
fitted in each car working in conjunction with a soft 
toned buzzer. The illumination of the starting lamp 
indicates to the attendant that his car 1s required 
for service and starting is initiated by a non-directional 
starting handle or button. 

(5) Wath this system both cars are in service at 
all times and the utmost use 1s made of them in that 
all data such as sources and direction of calls and 
positions of cars are under continual “‘observation’”’ 
by the lift controller, and the routes of the lifts are 
adjusted accordingly. 

The overall waiting time of passengers on the 
landings becomes reduced, primarily due to the 
fundamental system of keeping both cars available 
for duty, and secondly due to the fact that no wasted 
journeys occur. 

It is possible to give “instant’’ indication above 
the lift entrances as to which car is going to answer 
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acall. These signals take the form 
of Up and Down indicators associ- 
ated with each lift, and immediately 
a call button 1s pressed prospective 
passengers are informed by a 
luminous indication which car will 
be answering the call. 

If however the conditions des- 
cribed in (3) above should arise, the 
indication lamp is extinguished and 
that above the other lift entrance 
is illuminated in its place. 

The instant type of signal gives 
the prospective passenger the 
information that is most required 
since other forms of landing indica- 
tion such as lift position indicators, 
directional arrows, etc., are of 
doubtful value, as the exact mean- 
ing of the indications can be 
interpreted in a number of ways 
and such indicators further com- 
plicate the control system by the 
addition of apparatus, the extra cost 
of which cannot be fully justified. 

Experimental equipment installed for testing the 
system is shown in fig. 23. 


AIR RAID PRECAUTIONS LIGHTING. 


New developments for A.R.P. lighting follow 
two separate lines, the first is the production of 





Fig. 22. One end of ore reclaiming machine forming part of Robins Messiter 
system as installed in a steelworks by Fraser & Chalmers Engineering 


Works. 
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Fig. 23.—-Experimental equipment for testing the ‘‘Zoning System’’ of 
operating interconnected passenger lifts. 


very low illuminations involving the control of 
light by absorption, a subject to which very 
little attention has been given in the past, 
as in normal times there is no demand for 
such methods. For the purpose of A.R.P., 
however, the essential requirement is reduction 
of light, efficiency being relatively 
unimportant. 

Two types of lamps have 
been employed generally where 
reduced illumination from _ the 
lamp itself to a very low level 
was necessary. 

The Osram _ A.R.P. black 
sprayed lamp is used as a substi- 
tute for the normal lamp in some 
types of mandatory and prohibi- 
tionary signs, and for similar 
purposes. The lamp is sprayed 
with a pigment containing a con- 
siderable proportion of black 
material, the effect of which is to 
reduce the total light output to 
about 1 per cent of the normal, 
without distorting the colour of 
the light emitted. 

Increased attention has also 
been given to the use of internally 
sprayed blue lamps where the 
colour absorption of the blue pig- 
ment reduces the light output to 
from 5 per cent to 30 per cent of 
the normal. 
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The second direction in which A.R.P. require- 
ments have been met, is by the use of fluorescent 
materials which are made visible after dark by 
directing upon them ultra-violet radiation. These 
fluorescent powders are made by the G.E.C., 
and they are sold in paint form by a number of 
paint manufacturers. 

The ultra-violet radiation is easily obtained from 
the 125-watt Osira mercury vapour lamp fitted into 
a bulb of “black glass.”"'* Recently an 80-watt lamp 
of similar construction has been added to this 
range in order to fulfil the demand for a lower power 
lamp. 

For the same purpose, where limited ultra- 
violet radiation is sufficient, the 5-watt argon filled 
Osglim lamp is eminently suitable. 


OSIRA FLUORESCENT LAMPS. 


The 80-watt and 125-watt Osira fluorescent lamps 
are finding very successful application in the 
numerous factories where, owing to the blackout 
of windows, precision work has to proceed by 
artificial light throughout the whole twenty-four 
hours. 

The 400-watt lamp, now two years old, has been 
improved in construction so that damage in transit 
or in handling may, as far as possible, be avoided. 
This improvement represents a considerable advance 
in the difficult problem of mounting the inner tubes 
in the large bulbs necessary for fluorescent lamps 
in which it is very difficult to support the “inner” 
directly from the sides as is done in the standard 
non-fluorescent mercury lamps. 

When first introduced the 400-watt fluorescent 
lamp had the inner discharge tube supported as 
shown in fig. 24(a). The free end of the tube 
assembly was hooked to a spring mounted on a glass 
stud at the crown end of the bulb, and the other end 
mounted in the same way as in the standard non- 
fluorescent 400-watt mercury lamp. If, by any 
chance, this rather complex system was damaged, 
the inner tube became free at one end and was very 
susceptible to damage during transport. 

The mounting has now been re-designed, fig. 24(b) 
showing the new method. The outer bulb has been 
modified, the new feature being the small dome at 
the crown. This dome has slightly re-entrant sides 
so as to retain a circular spring which, when 
properly located, cannot easily be pulled out of 
the housing. The inner tube assembly carries 
a “U” shaped wire projection which fits into 
a corresponding central loop formed in the dome 
spring. The inner assembly is thus strongly 
supported at both ends in a manner unlikely 
to suffer displacement, and this enables it 
to resist any shock likely to be met with in 
transit. 
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NEW SODIUM LAMPS. 


A 45-watt Osira sodium lamp, fig. 25, is for use 
in lighting factories and other establishments where 
the monochromatic yellow light from sodium 1s 
satisfactory. The 45-watt lamp has an efficiency of 
about 55-5 lumens per watt. The design is very 
similar to that of the 85-watt lamp, although the 
45-watt lamp is shorter, and operated from a 
specially designed transformer similar in principle 
to that used for the larger lamps. 


LARGE-POWER LAMPS. 


An important advance has been made in the 
manufacture of large-power lamps by the solution 
of two problems; the first arose from the great 








(a) 





(b) 


Fig. 24. —Old (on the left) and new methods of supporting 
the inner discharge tube of a 400-watt Osira fluorescent 
lamp. 


amount of energy put into the filament (from 2 kW 
up to 10 kW), which results in considerable volatilis- 
ation of tungsten, and the second was due to difh- 
culties in passing the high current involved through 
the glass envelope of the lamp. 

The volatilisation trouble results in blackening of 
the bulb above the filament, and this blackening in 
turn results in over-heating of the bulb, even to the 
extent of softening the glass; in consequence there 
is a considerable reduction in the light transmitted 








Fig. 25.45-watt Osira sodium lamp. 


through the glass. This trouble has been largely—if 
not quite—eliminated by fixing fairly close mesh 
grids made of nickel or other suitable metal immedi- 
ately above the filament. The tungsten vapour 
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is deposited on these grids because they are cooler 
than the filament, and thus cannot reach the glass 
bulb. 

The problem of passing high current through 
the glass envelope of the lamp is dealt with by a 
complete change in the method of connecting 
the filament to the external contacts. This results 
in what is known as the bi-post construction. 

There have recently been several important 





Fig. 26. Component parts of the Osram 
bi-post lamp. 
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applications of the bi-post lamp, whose principal 
advantages may be summarised as follows :-— 

(1) It 1s admirably suited to heavy current work. 

(2) It lends itself to precision working in the 
positioning of hlaments. 

(3) It 1s robust. 

(4) It does not depend upon adhesive materials to 
maintain the attachment of acap. The failure 
of such materials at high operating temperature 
is a weakness in most alternative designs. 

The principle used in the construction of the 
bi-post lamp is an extension of that which was 
first commonly employed in the manufacture of 
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wireless valves—the glass-to-metal joint. The 
hollow copper “post,” where it is to join with the 
glass to form a ga3-tight seal, is ground to a thickness 
of about 0-002in. to give it sufficient flexibility to 
follow without fracture the expansion and contraction 
of the glass by temperature changes. 

The component parts of the lamp are shown in 
hg. 26. Before assembly, the open ends of the 
‘“posts’’ are chemically treated to prepare the surface 
for junction with the glass flanges. The post is 
then placed, open end uppermost, in a revolving 
chuck and the flange inserted. The chuck 1s rotated 
and the glass heated by oxy-gas flames until plastic. 
The operator, using a forming tool, works the glass 
into a uniform coating outside and inside the open 
end of the post. The post is then ready for assem- 
bly with the circular glass “‘dish’’ pressing as shown 
in fig. 27. 

The parts to be joined are heated by oxy-gas 
flames until plastic, when they are brought together, 
jigs holding the parts in accurate relationship. A 





Fig. 27.—Post assembly for bi-post lamp with 
circular glass ‘‘dish’’ pressing. 


length of glass tube is similarly attached for exhaust- 
ing and gas-filling the lamp. 

The components of the filament assembly 
may be seen in fig. 26; the two main supports 
are fixed in the hollow “posts’’ by expanding 
spring clips, and the filament structure is built up 
upon them. At this stage the filament is definitely 
located with respect to the copper “‘posts’’ and its 
position remains unaffected by the later process of 
joining the lamp base to the bulb, whereas in a lamp 
fitted with a separate cap the position of the filament 
with respect to the cap is not finally located until the 
latter has been attached, a process which may prove 
a source of considerable error. 

The lamp base carrying the filament assembly 
is now ready for fusion with the bulb at the con- 
striction in the straight section and the lamp is 
now complete except for the usual process of exhaust- 
ing, gasfilling and sealing off. 
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DECORATIVE AND COMMERCIAL ILLUMINATION. 


Further use has been made of the possibility of 
combining Osram tungsten and Osira high pressure 
mercury lamps to give a resultant light of pleasing 
colour and quality; indirect fittings have been 





material increase in illumination on the working 
plane in relation to a given size of lamp can be 
obtained. The exact contours of reflectors and 
proportion of obscured to unobscured glassware 
have been worked out at the Research Laboratories 
to ensure a combination of high efficiency 
with good light distribution. 

A fitting designed to achieve somewhat 
the same object, but more for domestic use, 
takes the form of a semi-direct open dish with 
a circular hole in the centre, mounted on 
a flange which is fixed at the bottom open- 
ing of a bowl-shaped diffusing glass shade. 
By this means a large proportion of light is 
directed immediately downwards, while all 
direct glare is cut off from the eye and a 
general soft semi-indirect diffused lighting is 
obtained from the upper part of the fitting. 

A modified design of opal shade 
fitting has been introduced particularly for 
the export market. While preserving 
essential lighting characteristics of the original 
Coolicon shade, it has been made in a shape 


Fig. 28.—-T.O.T. shop window lighting at the Regent Street which will nest so that the maximum number 
premises of Nicolls & Co.,Ltd. This form of illumination brings 


out to advantage the texture and colour of the costumes displayed. of shades can be packed into the minimum 


designed for such combinations. Examples of 
T.O.T. lighting are shown in figs. 28 and 29. 

New semi-direct and diffusing units for com- 
bined mercury and tungsten lighting have also been 
produced and in many cases provision has been 
made to accommodate either the _ standard 
high pressure mercury lamp 
or the similar lamp _ coated 
with fluorescent powder. 

Where diffusing units are em- 
ployed there is still a growing 
demand for some device which 
will ensure that an increased 
proportion of light is directed 
without reflection from walls and 
ceilings on to the working plane. 
In the case of the combination 
units, this is done by means of 
a concentric louvre set into the 
open bottom of the diffusing 
globe. Fittings for use with 
one lamp only (usually tungsten, 
but mercury may be employed 
if desired), to achieve a simular 
object, have been designed 
in the form of part enamelled 
and part frosted diffusing globes, 
with over reflectors either of 
opal or mirrored glass or 


space for shipment. This result has been 
achieved without any sacrifice in the pleasing 
appearance of the fitting. As another alternative 
to the standard opal Coolicon, a shade of the 
original design has been produced in white plastic 

material. 
A range of brackets for mounting on picture 





anodised aluminium. In the case Fig. 29.—Decorative lighting fittings in the South African Mutual Building, 


of the specular-reflecting over- 
reflectors particularly, a very 


Johannesburg, employing the T.O.T. system of mixed tungsten and mercury 
lighting, designed especially to blend with the high intensity South African 


sunlight. 
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is deposited on these grids because they are cooler 
than the filament, and thus cannot reach the glass 
bulb. 

The problem of passing high current through 
the glass envelope of the lamp is dealt with by a 
complete change in the method of connecting 
the filament to the external contacts. This results 
in what is known as the bi-post construction.'” 

There have recently been several important 





Fig. 26. Component parts of the Osram 
bi-post lamp. 
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applications of the bi-post lamp, whose principal 
advantages may be summarised as follows :— 

(1) It is admirably suited to heavy current work. 

(2) It lends itself to precision working in the 
positioning of filaments. 

(3) It 1s robust. 

(4) It does not depend upon adhesive materials to 
maintain the attachment of a cap. The failure 
of such materials at high operating temperature 
is a weakness in most alternative designs. 

The principle used in the construction of the 
bi-post lamp is an extension of that which was 
first commonly employed in the manufacture of 
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wireless valves—the glass-to-metal joint. The 
hollow copper “‘post,’”” where it is to join with the 
glass to form a ga3-tight seal, is ground to a thickness 
of about 0-002in. to give it sufficient flexibility to 
follow without fracture the expansion and contraction 
of the glass by temperature changes. 

The component parts of the lamp are shown in 
fig. 26. Before assembly, the open ends of the 
‘posts’ are chemically treated to prepare the surface 
for junction with the glass flanges. The post is 
then placed, open end uppermost, in a revolving 
chuck and the flange inserted. The chuck 1s rotated 
and the glass heated by oxy-gas flames until plastic. 
The operator, using a forming tool, works the glass 
into a uniform coating outside and inside the open 
end of the post. The post is then ready for assem- 
bly with the circular glass ‘“‘dish’’ pressing as shown 
in fig. 27. 

The parts to be joined are heated by oxy-gas 
flames until plastic, when they are brought together, 
jigs holding the parts in accurate relationship. A 





Fig. 27.—Post assembly for bi-post lamp with 
circular glass ‘‘dish’’ pressing. 


length of glass tube is similarly attached for exhaust- 
ing and gas-filling the lamp. 

The components of the filament assembly 
may be seen in fig. 26; the two main supports 
are fixed in the hollow “posts’’ by expanding 
spring clips, and the filament structure is built up 
upon them. At this stage the filament is definitely 
located with respect to the copper “‘posts’’ and its 
position remains unaffected by the later process of 
joining the lamp base to the bulb, whereas in a lamp 
fitted with a separate cap the position of the filament 
with respect to the cap is not finally located until the 
latter has been attached, a process which may prove 
a source of considerable error. 

The lamp base carrying the filament assembly 
is now ready for fusion with the bulb at the con- 
striction in the straight section and the lamp is 
now complete except for the usual process of exhaust- 
ing, gasfilling and sealing off. 
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DECORATIVE AND COMMERCIAL ILLUMINATION. 


Further use has been made of the possibility of 
combining Osram tungsten and Osira high pressure 
mercury lamps to give a resultant light of pleasing 
colour and quality; indirect fittings have been 





material increase in illumination on the working 
plane in relation to a given size of lamp can be 
obtained. The exact contours of reflectors and 
proportion of obscured to unobscured glassware 
have been worked out at the Research Laboratories 
to ensure a combination of high efficiency 
with good light distribution. 

A fitting designed to achieve somewhat 
the same object, but more for domestic use, 
takes the form of a semi-direct open dish with 
a circular hole in the centre, mounted on 
a flange which is fixed at the bottom open- 
ing of a bowl-shaped diffusing glass shade. 
By this means a large proportion of light is 
directed immediately downwards, while all 
direct glare is cut off from the eye and a 
general soft semi-indirect diffused lighting is 
obtained from the upper part of the fitting. 

A modified design of opal shade 
fitting has been introduced particularly for 
the export market. While preserving 
essential lighting characteristics of the original 
Coolicon shade, it has been made in a shape 


Fig. 28._-T.O.T. shop window lighting at the Regent Street which will nest so that the maximum number 
premises of Nicolls & Co.,Ltd. This form of illumination brings 


out to advantage the texture and colour of the costumes displayed. of shades can be packed into the minimum 


designed for such combinations. Examples of 
T.O.T. lighting are shown in figs. 28 and 29. 

New semi-direct and diffusing units for com- 
bined mercury and tungsten lighting have also been 
produced and in many cases provision has been 
made to accommodate either the _ standard 
high pressure mercury lamp 
or the similar lamp _ coated 
with fluorescent powder. 

Where diffusing units are em- 
ployed there is still a growing 
demand for some device which 
will ensure that an increased 
proportion of light is directed 
without reflection from walls and 
ceilings on to the working plane. 
In the case of the combination 
units, this is done by means of 
a concentric louvre set into the 
open bottom of the diffusing 
globe. Fittings for use with 
one lamp only (usually tungsten, 
but mercury may be employed 
if desired), to achieve a similar 
object, have been designed 
in the form of part enamelled 
and part frosted diffusing globes, 
with over reflectors either of 
opal or murrored glass or 
anodised aluminium. In the case 
of the specular-reflecting over- 
reflectors particularly, a very 


space for shipment. This result has been 
achieved without any sacrifice in the pleasing 
appearance of the fitting. As another alternative 
to the standard opal Coolicon, a shade of the 
original design has been produced in white plastic 

material. 
A range of brackets for mounting on picture 
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Fig. 29._-Decorative lighting fittings in the South African Mutual Building, 
Johannesburg, employing the T.O.T. system of mixed tungsten and mercury 
lighting, designed especially to blend with the high intensity South African 
sunlight. 
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rails can be readily placed in any position and at any 
height on the wall without special fixing; they 
require only a flexible connection to the nearest 
lighting outlet point. 

A new type of bus lighting fitting with special 
light distribution characteristics has been designed. 
It ensures the minimum glare in the eyes of passengers 
seated towards the back of the bus, while at the 
same time affording maximum illumination for 
reading newspapers in comfort. With normal battery 
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Fig. 30. The illumination of the Chrys- 

ler Building, Johannesburg, by the use 

of indirect lighting units designed to 
harmonise with the architecture. 


loadings the average illumination has 
been increased by about 30 per cent. 


INDUSTRIAL LIGHTING. 

Progress in industrial lighting has been 
achieved mainly by the further appli- 
cation of electric discharge light sources 
and the introduction of modified designs 
of fittings and accessories based on 
practical experience of the use of such 
lighting under service conditions. They 
are designed to facilitate rapid and inex- 
pensive installation. The introduction 
of additional sizes of fluorescent lamps 
and the further investigation of the 
possibilities of combining tungsten and 
mercury lamps have led to the adoption 
of high pressure mercury lighting 1n a 
number of industries which previously 





Fig. 31. 
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were unable to employ such lighting because of 
colour. The psychological value of the improved 
appearance of the human face under the light of 
mercury fluorescent lamps has led to their 
adoption in many places where previously the 
standard mercury lamp would have been considered 
entirely unsuitable. 

Reflectors have been designed in which the chokes 
are mounted as an integral part of the fitting canopy. 
The canopy is used as the wax-filled container with 
a simple terminal block to 
enable the necessary adjust- 
ment for actual mains voltage 
to be made. With the aid of 
this fitting it is possible to 
install an Osira fluorescent 
lamp, complete with choke, 
by the simple connection of 
the mains lead to an ordinary 
ceiling plate of the Saaflux 
type. For use where this 
self-contained fitting is not 
desired, several heavy duty 
conduit attachments for 
overhead installation in 
industrial premises have 
been designed, and conduit 
attachments have been made 
an integral part of standard 
condensers, the range of 
which has been materially 
increased to cover additional 
capacities to facilitate group 
control of Osira units. 





Three-colour *‘Osira’’ fluorescent tube lighting in the Social Hall 


of the M.V. *‘Oranje.’’ 
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In addition to their uses tor 
various industrial purposes, cori- 
sideration has been given to 
possible photographic and print- 
ing process applications of Osira 
lamps. '* 

New flameproof fittings for 
tungsten lamps include a low 
voltage headlight unit for use on 
Diesel locomotives, in mines, 
petrol refineries, etc. 

Advantage has been taken of 
the high efficiency and mechanical 
strength of anodised aluminium to 
introduce a dog-track lighting unit 
employing anodised aluminium 
reflectors and vitreous enamelled 
housing, in place of the glass 
reflectors and stove enamelled 
housing, of the older unit. It 
is eStimated that greatly in- 
creased life will be obtained with 
the new design of reflector. 





a 
14. G.E.C, Journal, Vol. X, No. 2, p. 93. 
Fig. 33.._Shop lighting at Littlewoods’ Store, 
Morecambe. Recessed louvre lighting of 
high intensity is combined with soft indirect 
illumination. 


OSIRA FLUORESCENT TUBES. 


Osira fluorescent tubes have been 
developed further in regard to ranges of 
colours and systems of installation. One 
particular advance is represented by the 
introduction of white tubes suitable for 
commercial use without any blending of 
colours, and a number of showcases have 
been equipped with tubes giving a light 
approximating in colour to daylight. 
These tubes show very great advantages in 
colour of light, distribution of heat and 
consumption of current, as compared with 
the light sources previously used for this 
work. More recently a warm white colour 
has been introduced which will be more 
suitable for general lighting purposes. The 
problems of applying the coating to these 
white tubes is much more difficult than in 
the case of the normal Osira fluorescent 
tubes. A_ special machine has been 
designed and manufactured at the Research 
Laboratories for this purpose, and it is now 
installed in the Claude-General factory. 
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STREET LIGHTING. 





Two street lighting lanterns intro- 


duced in 1938, the side entry Difractor 
Fig. 32.. An example of decorative design combined with efficient ; 
illumination in the tourist lounge of the R.M.S. ‘‘Mauretania.’’ lantern, and the Horizal lantern, have been 
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widely adopted. Fig. 36 shows the side entry 
Difractor lantern suspended on a steel column in 
an avenue in Hammersmith. 

Increased interest in good street lighting is shown 





big. 34. *‘Osira”’ high pressure mercury lighting system 
provides clear visibility for every detail of work in this 
machine shop. 


by many public authorities in overseas countries. 
An example of equipment for street lighting in 
Trinidad by means of Difractor lanterns may be 
seen in fig. 38. 





Fig. 35.—-Proper distribution of light in a motor car works 
enables assembly work under the chassis to be 
performed with ease and precision. 





A.R.P. ILLUMINATED SIGNS. 


Illuminated signs of suitable types have become a 
necessity under blackout conditions and the Lighting 
(Restrictions) Order, 1939 permits their use for 
certain defined purposes. It is essential that the 
amount of light should not exceed the permissible 
intensity and that the direction of the lighting should 
be restricted to the lettering on the sign. No spill 
light must be allowed to escape. 

Some units produced for this purpose are lighted 
from the front, the control of the light being 
obtained by means of easily adjusted screens. No 
glass is incorporated in the fittings, so that the danger 
of flying glass during air raids is avoided. 

In other units the box type construction with 
interior lighting has been employed. 


CHOKES FOR OSIRA LAMPS. 


A new design of choke coil for Osira lamps, 
hg. 37, known as the open protected type choke, 
is available as an alternative to the waxfilled totally 
enclosed type. Both types are fitted with 5 volt 
taps which gives the advantage of closer wattage 
control as compared with designs providing only 
for 10 volt taps. The new type is smaller and 
lighter than the waxfilled choke, and has ventilated 
covers over the winding and live parts. 


WELDED CABLE. 


A welded stainless steel sheath for small cables 
is now produced at Pirelli General Cable Works, 
Eastleigh. The sheath is formed from flat strip, 
folded round the cable and seam welded in 
position. This type of cable is very light and 





Fig. 36.—Difractor lantern on a steel column 
mounted in an avenue in 
Hammersmith. 
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Strong. It is particularly suitable for use as an 
aerial cable for telephone or pilot purposes since 
no supporting catenary wire is necessary and there 
is no risk of damage to the sheath from vibration 
or stone throwing. It is also suitable for use in ships, 
factories, or in any situations where corrosion or 
vibration adversely affect ordinary cables. 


EMERGENCY CABLE JOINT. 


In co-operation with certain other manufacturers 
an emergency cable joint has been 
developed for use on both solid 
and oil-filled cables as a temporary 
measure in the event of the cables 
being damaged. 

To avoid the need for heating 
apparatus a compound has been 
developed for use with these 
joints which may be poured into 
the joint box at atmospheric 
temperature. The compound is 
supplied in two components which 
when mixed together solidify by 
chemical reaction without change 
in volume. 

Although developed for use 
with A.R.P. emergency joints, a 








number of applications for this 
compound has been found in 
other situations, where its cold 
pouring properties are of particular 
advantage. 


LEAD EXTRUDING MACHINES. 


Pirelli-General lead extruding machines have 
been developed in three sizes, namely, 1-in., 3-in. 
and 5-in. Machines of all these sizes are installed in 
the Eastleigh Works, and some of them have been 





Fig. 37.-Protected type choke coil for use with ‘‘Osira’’ 
lamp. 


adopted by various leading cable manufacturers in 
this country, while one has been exported ‘to Canada. 
The machines have proved thoroughly satisfactory 


in service. A view of a 3-in. extruding machine in 
Operation is given at fig. 39. 


OIL FILLED CABLES. 


Various contracts for 132 kV and 66 kV oil filled 
cable for the Central Electricity Board are in 
progress, while the installation of 10 mules of the 
132 kV cable has recently been completed. In 
addition 30 miles of the 66 kV 3-core cable is in hand 
for the County of London Electric Supply Co., Ltd. 
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Fig. 38.—A street in Port of Spain, Trinidad, which is lighted by 130 250-watt 
Osira lamps in G.E.C,. Difractor lanterns. 


Four sets of 66 kV busbars have been manu- 
factured, each set comprising three short lengths 
of oil filled cable complete with oil immersed 
sealing ends for interconnection between metalclad 
switchboard units. The complete preparation of 
the busbars and sealing ends was carried out in the 
factory, the work on site being confined to erection. 


PLASTICS APPLIED TO CABLES. 


One of the outstanding features of Pirelli-General 
activities has been the progress made in the use of 
plastics as applied to cables. For some time past 
there has been a well equipped laboratory at the 
Southampton Works, where the new methods 
involved in the application of the materials have been 
carefully worked out. As a result various wire 
coverings have been developed, and many types of 
cable possessing new and desirable properties are 
being made. 

The new materials are being applied to fulfil the 
specific functions for which they are best suited ; 
thus one type of plastic has a high degree of non- 
inflammability, another has an extremely good power . 
factor and dielectric constant, while a third has 
high breakdown. 
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Materials such as polystyrene, polyacrylic esters, 
polymethacrylic esters, polyvinyl compounds, and so 
forth, have acquired a new and increasing signific- 
ance. Not only are plastics being used as cable 
insulation, but they are also being employed in 
conjunction with rubber. In due course much is 
likely to be heard of the new Pigelan and Pigeplas 
insulations, to mention but two of many types. 
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Fig. 39. Pirelli-General 3-inch continuous lead extruding machine in 


operation. 


AUTOMATIC TELEPHONY. 

One of the principal features of automatic 
telephony during recent years has been the widespread 
introduction of automatic exchanges in rural districts, 
both at home and overseas. The distances between 
exchanges in such areas are sometimes very consider- 
able and the problem of controlling electro-mechanic- 
ally operated switching mechanisms over lengthy 
junctions by means of dialled impulses has presented 
many difficulties. These have now largely been 
overcome by the development of an impulsing relay 
known as the H.S.P. (high-speed polarised) relay, 
figs. 40 and 41. It will operate on very small currents, 
but being of particularly strong construction it 1s 
capable of resisting distortion of its armature and 
disturbance of its adjustments when a current of 
considerably higher value than the normal operating 
current 1s applied. 

The time of operation is extremely short and 
permits the relay to respond to alternating currents of 
frequencies up to 100 cycles per second. In such 
cases, the contact arm is adjusted so that the magnetic 
bias is neutral, i.e., the contact reed (2), fig. 4l, 
normally rests with equal pressure on contacts (1) 
or (3). Bias adjustment is obtained by means of an 
eccentric adjusting screw on the underside of the 
base which moves the contact assembly laterally. 
A very fine degree of adjustment is possible with 
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this arrangement and may be effected while the relay 
iS in Operation. 

For direct current working, a unidirectional 
bias 1s employed, the contact arm then resting 
against one of the contacts (1) or (3), depending upon 
the polarity of the operating current to be used. 

It is anticipated that the H.S.P. relay will have 
considerable application in systems of widely varying 
character whenever signalling or dialling 
is to be performed under arduous line 
conditions. 


THE ““MURAPHONE.”’ 


In order to meet the demand for a self- 
contained wall-type telephone of artistic 
appearance and small lateral dimensions, 
the Muraphone, fig. 42 has been produced. 
A notable example of its application is to 
passenger cabins on board ship where 
Space is not unlimited and where a fixed 
telephone is generally preferable. Thus, 
the Dominion Monarch was fitted through- 
out with nearly 600 Muraphones. Many 
of the standard Gecophone components 
have been employed and the vertical 
suspension of the handset, in addition 
to ensuring removal before dialling, 
eliminates any tendency to rattling such 
as often occurs aboard ship. 

The most useful features of this tele- 
phone may be summarised as follows :— 

(1) The moulded case is free to be removed entirely, 
giving full access to the components and leaving 
them in a working condition for inspection and 
test. 





Fig. 40. -High-speed polarised relay, with front portion 
of cover removed to 2liow adjustment. 


(2) The cradle switch is of a type in which the 
leverage obtainable allows contact pressures to 
be greater than in plunger-type cradle switches. 

(3) The handset cord is anchored to the terminal 
strip by means of a tight-fitting rubber bush 
which not only prevents strain on the conductors, 
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but also forms an effective seal against insects, 
etc., at the point of entry. 

(4) Rubber feet, passing through the metal base, 
provide substantial mechanical insulation be- 
tween fixing screws and base. 


armature 





extension armature 
pivot 


Loudspeaking S-10”’ instrument, fig. 43, incorporates 
loudspeaker and key calling facilities, thus enabling 
much time and labour to be saved. 

The loudspeaker feature leaves both hands 
free whilst telephoning, as replies are heard over the 
loudspeaker, even at some distance 
from the instrument. fThe_ key 
calling facility eliminates dialling. 
Stations with which communication 
is frequently desired may be obtained 
simply by pressing a button. These 
features are provided without the 
need for multiple cable; only a 
twin wire is necessary to connect an 
instrument to the automatic exchange, 
irrespective of the number of stations 
in the installation. 


REMOTE SUPERVISORY CONTROL. 


Fig. 41..__Mechanism of high-speed polarised relay ; cover and 


magnet removed. 


(5) A special wall terminal strip has been designed 
for use where quick removal and replacement 
of the telephone are required. The terminals in 
the instrument are fitted with silver-plated 
plungers which make contact with the perman- 
ently wired wall terminals, so that no wires 
have to be disconnected should it be necessary 
to change the telephone. 

The Muraphone is available for automatic 





Fig. 42._-‘‘Muraphone’’ automatic telephone. 


systems or C.B. manual systems. The removal of 
the dial dummy followed by the fitting of a dial and 
connection of the dial cord converts the manual type 
into an automatic telephone. 


LOUDSPEAKING AUTOMATIC TELEPHONES. 
An automatic telephone known as the “Reliance 


Increased numbers of remote 
supervisory control equipments are 
being manufactured, notably for the Central 


Electricity Board, London Transport and several 
municipal undertakings, including Glasgow and 
Hornsey. The last named, when completed, will 
represent the largest installation of its kind in the 
London district. 

Development work is being generally directed 
towards the provision of new facilities and simpler 
methods of providing those already existing. It is 
now possible, for example, to reduce the number of 
pilot wires required, and the methods of remote 
metering have been considerably improved. 


TELEPHONE TRANSMISSION. 
At the Oslo conference of the Comite Consultatif 





Fig. 43. -—‘**Reliance’’ loudspeaking telephone. 


International Télephonique held in June 1938, a 
decision was reached which has affected to some 
considerable extent the design of multi-channel 
carrier telephone systems. 

The improved frequency response obtained from 
modern bakelite telephone instruments, due mainly 
to increased transmitter efficiency, has rendered 
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desirable an extension of the upper limit of the 
transmitted speech wave band from 2,700 to 3,400 
cycles per second. The necessary design work is in 
hand to enable this improvement to be incorporated 
in future production. 

In the voice frequency repeater field, there has 
been a tendency to abandon complete repeater units 
designed for special purposes (e.g., 2-wire repeaters ; 
4-wire single-stage repeaters; 4-wire 2-stage re- 
peaters, etc.), and to substitute a high-grade amplifier 
of the negative feedback type which can be associated 
with electrical equalisers, filters, gain controls, 
terminations, etc., and to build up any repeater 
combination as required. 


RADIO SETS-—-COMMUNICATIONS TYPE. 


Development has been completed and production 
commenced of a range of main station and mobile 
transmitters and receivers operating on the ultra- 
high frequency bands. The sets are intended 
primarily for use in connection with police com- 
munication systems and the like. Equipments have 
already been supplied to several of the more import- 
ant police forces. Fig. 44 shows an ultra-high fre- 
quency main station transmitter of 100 watts output. 

Work is proceeding upon crystal controlled 
transmitters incorporating band switching between 
multiple frequencies, and a high-grade communi- 
cation receiver embodying the most advanced 
technique with reception covering a range of 8-5 
to 2,000 metres. 


DOMESTIC RADIO RECEIVERS. 


The general range of domestic receivers on the 
home market consists of thirteen models, which cater 
for all types of listener. These receivers incorporate 
a mechanical press button control, and the system 
employed enables a number of stations to be set up 
on the automatic tuning device and thereafter tuned 
in by pressure of a knob. The mechanical system 
used is extremely accurate and can be relied 
upon to reproduce the preselected stations with 
precision. A further feature of the range is the 
inclusion of a special tone compensation circuit 
which enables the output of the set to be adjusted 
to obtain a quality of reproduction suitable to the 
needs of the particular market for which the receiver 
is intended. Higher output is general throughout the 
range due to the use of improved output valves and 
more sensitive loudspeakers. 

The outstanding receiver in the overseas range, 
which is distinct from the home range, is the “4010,” 
a 10-valve 5-band instrument, fig. 46, which 
follows closely the lines of the successful ‘Fidelity 
All-Wave Super 10."" The new set has many 
improvements, chief among which are better quality, 
improved control and finer cabinet work. This 
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model is also produced in radiogram form 
incorporating a record-changer. 

The overseas range includes also D.C./A.C. and 
battery receivers, while a new addition is the equip- 
ment known as the “Village Broadcast” or “‘Com- 
munity Receiver,”’ fig. 47, which consists of a short 
and medium wave chassis mounted in a lock-up 
teak cabinet. It is run from a 6-volt battery and 
will feed an external loudspeaker of the horn type 
or other sensitive form of reproducer. The set 1s 
well suited for overseas propaganda or entertainment 
in a small village or community. 

A device which will be found very useful to 
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Fig. 44. Ultra-high frequency main station radio trans- 
mitter, 100 watts output, which covers ranges of 128 —131, 
95.5 —100 and 78.5 -82 megacycles. 


those who wish to run an A.C. receiver from a D.C. 
supply, is a D.C./A.C. conversion unit, which is a 
type of automatic polarity changing switch. When 
connected to a D.C. source it will operate to give 
a supply which will be suitable for the operation of 
a normal A.C. receiver. This unit is capable of 
supplying sufficient power to drive a 10-valve 
receiver, and it is so designed that it can be fastened 
inside the cabinet of a receiver. 

The “Home Broadcaster’ microphone has been 
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improved and now takes the form of a black bakelite 
desk type microphone for use with the low frequency 
amplifier portion of a normal broadcast receiver. 


SOUND AMPLIFICATION. 


Increasing use has been made of sound repro- 
duction equipment for many purposes, including 


model giving a picture on a 7-inch tube arranged for 
connection to an existing radio set. This, the most 
economical method of providing television, was 
pioneered by the G.E.C. who were the first to market 
such a set. 

It is some satisfaction that these developments 
and manufacturing plans were successfully completed 





Fig. 45.—6-valve, 3-waveband superhet radio receiver 
with push-button selection, cathode ray tuning and 
4-watts undistorted output. 


service in factories and office buildings for staff 
advice and control, A.R.P. systems for warning, and 
also for entertainment. 

A gain control device has been incorporated in a 
new 20-watt amplifier. This feature provides a 
constant level of output for a wide variation in input, 
and is of great value to a speaker who constantly 
changes his direction and distance from the micro- 
phone, as the automatic volume control circuit 
ensures an approximately level output. A further 
advantage is that risk of acoustic feed back is mini- 
mised when the manual control is set high and loud 
passages are being reproduced. 


TELEVISION. 


As a result of the rapid growth of the public 
demand for television, the range of sets and scale of 
manufacture were greatly increased. An entirely 
new and less expensive range of sets was introduced 
at the Radio Exhibition at Olympia using 9-inch and 
7-inch diameter cathode ray tubes magnetically 
focused and deflected. By attention to every 
detail including circuit and valve design, and 
mechanical assembly, it was found possible to 
produce a combined television and radio set giving 
highest grade performance in picture quality and 
sensitivity, and at the same time including all the 
refinements expected in a modern high class push- 
button all-wave radio set. 

Somewhat similar circuit, valve and cathode ray 
technique led to the design of a television set in 
console form (sound and vision only), fig. 48, and also 
a television adapter. The last named is a table 


Fig. 46. -Chassis of the 10-valve, 5-band radio receiving 
set, known as ‘‘forty-ten.’’ 


before the B.B.C. station at Alexandra Palace had to 
close, for as a result there exists a firm technical basis 
on which the future of G.E.C. television may be 
built. Despite: - conditions, fundamental problems 
remain a subject of study in the Company, so that 





Fig. 47.The “Village Broadcast’ radio receiving 
equipment for use overseas. 


when normal times return its television activities 
can once more go ahead incorporating such new 
ideas as the future may bring. 


RECEIVING VALVES. 
The trend towards greater economy in the 
heater wattage consumption of receiving valves has 
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progressed further by the introduction of the new 
Uniwatt range of mains valves, the basic types 
of which incorporate heater cathode systems of 
1 watt rating. This achievement has been made 
possible by many detailed improvements in cathode 
coating efficiency, mechanical design and_ glass 
manipulative technique, resulting 1n valves not only 
of low consumption but of small physical dimensions. 

The basic heater rating of the range has been so 
chosen that a wide range of applications can be met. 
Thus, with a nominal rating of 5-8 volts on the 
filament and 0-16 amps. filament current, satisfactory 
working from a 6-volt accumulator 1s assured and 
the low basic current rating offers a considerable 
advantage to the designer of series running A.C. D.C. 
receivers, where hitherto the dissipation of the 
power lost in the valve heater limiting resistance 
has proved a difficulty. A further attractive 





Fig. 48..-G.E.C, television all-wave radio console. 


feature of the new valves is the greater working 
heater voltage range that the one watt cathode design 
affords; thus satisfactory commercial working has 
been obtained in practice from a minimum of 5-4 
volts to a maximum of 7-5 volts, making possible 
economies in the design of mains driven receivers 
by reducing the necessity for mains tappings to the 
minimum. 

The Uniwatt range is comprehensive, and 
in the design of rectiher and output valves, requiring 
a greater degree of emission than a one watt cathode 
can give, full provision has been made for both 
parallel and series operated heaters. The short lead 
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length construction of the Uniwatt range has also 
permitted the development of a high slope H.F. 
pentode, the Z62, fig. 49, which offers a considerably 
enhanced performance as an amplifier at short 
wavelengths, and exhibits the highest ratio of working 
mutual conductance to input damping and to 
working anode current of any valve so far developed. 

Another manifestation of the same trend towards 
greater cathode efficiency is found in the new range 
of 1-4 volt battery valves. A detailed study of the 
influence of core materials upon the emissive coatings 
of valve filaments has led to the introduction of 
battery valves of a nominal 1-4 volt, 0-05 amp. 
rating, which have such liberal emission reserve that 
satisfactory performance is maintained when the 
filament voltage is allowed to fall as low as 1-0 volt. 
By the use of these valves a satisfactory receiver can 
be designed which relies on dry batteries exclusively 
for its supplies, and at the same time permits a work- 
ing life of several hundreds of hours to be obtained 
before battery replacements are required. 

The types in this range so far available are :— 


Z14 H.F. pentode. 
X14 Heptode. 
HD14 Single diode-triode. 


N14 Output pentode. 

These valves make it possible to design efficient 
battery superheterodyne receivers employing modern 
technique. 

The existing range of valves incorporating 6-3 
volt 2-0 watt heaters has been extended by the 
introduction of new types having increased thermionic 
efficiency. They are of value in the equipment of 
receiving sets designed to meet the exacting demands 
of the British market, and are respectively the 
X61—a triode-hexode frequency changer, having a 

conversion conductance of 500 micromhos, and 

freedom from the “‘drift’’ and “‘pulling’’ defects 
frequently met with in detector-oscillator valves 
of high conductance. 

K TW61—a high slope H.F. tetrode, with a slope of 
2-9 mA 'V, as compared with 1-5 mA V for its 
lower slope counterpart, the KTW 63. 

K T61—a high sensitivity output tetrode having a 
6-3 volt, 6 watt heater, affording an undistorted 
output of some 4-3 watts, with an anode voltage 
of 250 volts. 

In the sphere of 2-volt battery valves, an 
increase in filament efficiency has been secured by 
the re-design of three well established types :— 

(1) X24—a triode-hexode replacing X23. 

(2) HD24—a _ double - diode - triode, fig. 50, 

replacing HD23; and 

(3) KT24—a high sensitivity output tetrode 

replacing KT21. 

The thermionic efficiency of the heavier current 
prototypes of these valves has been maintained in 
spite of a 33 per cent reduction in filament wattage. 
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The diminutive “Acorn” ultra-high-frequency 
triode and H.F. pentode types, referred to as HAI 
and ZAI, have been supplemented by two new- 
comers, the HA2 and ZA2, of equivalent perform- 
ance, but with heaters rated at 6-3 volts and 
pin spacing in conformity with American practice, 
as distinct from the 4-volt heaters and British 
Standard pin spacing of their forerunners. 


TRANSMITTING VALVES. 


New types of small transmitting valves should 
prove attractive to the amateur user or the designer 





Fig. 49.—High slope Fig. 50.—-Double-diode- 
H.F. pentode receiving triode receiving valve, 
valve, Z62. HD24., 


of mobile transmitters and public address equipments. 
The type DA41 1s of value in the design of zero-bias 
class B modulator or output stages, and a pair of 
these valves with an anode voltage of 1,000 volts 
can deliver 175 watts of A.C. output for a total 
distortion content of 7-0 per cent. The B63 1s a twin 
IHC triode for class B zero bias use giving a 10-watt 
A.C. output at an anode voltage of 300 volts. The 
DET19 is a twin RF triode of ubiquitous perform- 
ance serving well as a crystal oscillator, doubler- 
osciliator or class C modulated amplifier, and retaining 
its output efficiency at a satisfactory level even in the 
wavelength region of 2-5 metres. 

The DET18, another newcomer, is a single 
triode valve in the design of which attention has been 
paid to the maintenance of high output efficiency 
at low wavelengths; it is recognisable by the un- 
encumbered nature of the electrode system. 

Another specialised type of small transmitting 
valve, the KT9, caters particularly for the lowest 
wavelength region. This type is a twin pentode in- 
corporating a special form of ring seal mounting 
and connection scheme, which permits the minimum 


length of connections to be secured, a factor of 
supreme importance at the frequencies in the 
region of 200 Mc/sec. where this valve is designed 


to serve. 


MEASURING INSTRUMENTS. 


A new heterodyne reactance comparator takes 
the form of a portable mains operated test 
set and enables coils or condensers to be 
checked rapidly against standards. Two radio 
frequency oscillators, one of which is variable, are 
made to beat against each other. The resultant 
signal is rectified and heard, a loud speaker contained 
within the instrument serving as an aural indicator. 
The variable oscillator is fitted with a knob and drum 
drive. An accuracy of +0-1 per cent 1s obtained. 

A thermionic test set, fig. 51, gives direct readings 
of A.C. and D.C. voltage and current. The A.C. 
current range is from -005 microamps to 5 amperes, 
the A.C. voltage range from 50 millivolts to 500 
volts on frequencies from 25 cycles to 20 megacycles, 
the D.C. current range from -0005 microamps to 
l ampere, and the D.C. voltage range from 1 milli- 
volt to 500 volts. A patented feedback circuit of 
the D.C. amplifier type using negative feedback is 
employed with a potentiometer input. 

The instrument can be supplied either for battery 
or mains operation. The input impedance of the 
instrument on D.C. and on radio frequencies, when 
used as a voltmeter on any range, is 10 megohms so 
that it can be used for measuring voltages in high 
resistance circuits with great accuracy, current con- 
sumption from the circuit being negligible. The 
special circuit provides extremely high sensitivity and 
at the same time prevents the indicating movement 
from being damaged by heavy overloads. 





Fig. 51... Thermionic test set for A.C. and D.C. measure- 
ment. 


Other instruments which have been introduced 
include: a new type of “Q”’ meter for measuring 
the “Q” of inductances, capacities, etc., at high 
frequencies ; a miniature illumination meter with a 
range of 0 to 250 foot-candles ; and also a slip-on 
ammeter. The range of valve voltmeters has been 
extended. One of the new instruments, employing 
an acorn triode H.F. valve voltmeter, 1s showa at 
hig. 52. 
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HARDNESS TESTER. 


Existing methods for measuring the hardness of 
metals are unsuitable for very thin metal sheets or 
foils. Hardness testing instruments usually work 
on the well-known principle that a steel ball of 
certain dimensions, under a certain load, makes an 














Fig. 52. Diode valve voltmeter. 


impression whose size corresponds to the particular 
hardness. 

The usual type of instrument working on this 
principle, such as the Rockwell hardness tester, 
makes an impression approximately -05  milli- 
metres (-00197 in.) deep, and since the depth of 
the impression for measuring the hardness of 
the metal should not be more than 1 10th of the 
thickness of the metal itself, it will be seen that this 
method is suitable only for sheet metals which are 
thicker than 0-5 millimetres (-0197 in.). 

The Salford hardness tester, fig. 53, which is now 
available, has been designed specially to measure the 
hardness of very thin metal sheets or foils. It makes 
an impression of only -002 or -003 m.m. (-00008 to 
-(0012in.), and is therefore suitable for hardness 
measurements on sheets and foils of the order of -02 
to -03 mm. in thickness. Such a slight impression 
in the case of a Rockwell tester would give a deflection 
of only 2 or 3 degrees, so that it would not be possible 
to ensure accurate measurement. 

The new instrument comprises a micrometer of 
the electrical induction type, of which the movements 
are indicated on the scale of a galvanometer. A load 
applied through a spindle to a steel ball 1/16th in. 
in diameter, makes the impression on the metal being 
tested. Movement of the spindle causes a movement 
of an iron core between two electromagnets which 
are parts of a Wheatstone bridge. This movement 
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produces a change of inductance of the electro- 
magnets, unbalancing the bridge system, and giving 
a reading on an indicating instrument in the bridge 
circuit. 

The Wheatstone bridge operates from the 
standard 230 volt 50 cycle supply, and a special 
compensating circuit employing inductances and 
condensers ensures that the accuracy of the instrument 
is unaffected by fluctuations of mains voltages. 

The galvanometer is calibrated bothin millimetres 
and directly in the Rockwell hardness scale, so that 
the instrument gives a direct indication of the 
hardness of the material being tested. Since the 
instrument makes use of a steel ball 1/16th inch in 
diameter, the load for making the impression is very 
small, being approximately 100 grammes in weight. 
As the ratio between the diameter of the steel ball 
and the load is very unusual, it is necessary to 
calibrate this instrument with metal sheets of known 
hardness. 


GECALLOY. 


The properties of the powder Gecalloy have 
been described previously in this Journal.’® It is now 
employed in large quantities in the construction of 
radio and communication apparatus. While in the 
past manufacturers have been largely dependent on 
the Continent for supplies of the basic materials used 





Fig. 53._-The Salford hardness tester. 


A. Adjustable anvil for specimen. 
s. Measuring spindle terminating in steel ball, 
sw. Operating switch. 

FA. Fine adjustment for setting pointer on measuring scale. 
Wt. & W2. Weights corresponding to two scales on micrometer and 
giving varying degrees of sensitivity, 

Bes Loading screw for application and removal of weight. 
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in its preparation, it is interesting to note that 
Gecalloy is now manufactured in its entirety at 
Salford Works, considerable extensions of plant 
during the last year having given complete indepen- 
dence of foreign supplies. 
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Fig. 54.—-Electric furnaces at one of the factories of Leyland Motors, 
Ltd. for stabilising and nitriding heavy crankshafts. 


ELECTRIC FURNACES. 


A large installation in one of the works of 


Leyland Motors, Ltd., for stabilising and nit- 


riding heavy crankshafts, fig. 54, is now in full 





Fig. 55.--Electric cremation furnace at the Honor Oak Crematorium, 
London. 


commercial operation. It is the first installation 
of its kind. The crankshafts are suspended 
and both the stabilising and nitriding are achieved 
with negligible distortion. The furnaces are of the 








vertical cylindrical type and the cylindrical pots which 
take the place of the ordinary nitriding boxes have 
a very simple, quick and effective method of closure. 
The advantages of this method are simplicity, 
reduction of labour, uniform distribution of ammonia 
throughout the charge, uniform heat dis- 
tribution, precise temperature control 
and economy of space required. 

An electrical crematorium at Honor 
Oak, London, was opened in the early 
part of the year. The furnace equip- 
ment is shown at fig.55. The catafalque 
is a platform built on the ram head of a 
hydraulic lift which is used for lowering 
the coffin from the chapel to _ the 
commitment chamber, where it is placed 
on the charging machine in front of 
the furnace by a 3 cwt. light crane. 
The charging machine is hand operated. 
Special precautions ensure that noise is 
reduced to a minimum. 

Several complete installations for the 
heat-treatment of steel parts are nearing 
completion. These include _ vertical 
cylindrical hardening, tempering and 
nitriding furnaces, automatic pusher type 
furnaces, rotary hearth furnaces with 
equipment to maintain a desired artificial 
gas atmosphere within the heating chamber, and 
horizontal nitriding furnaces for parts which can be 
conveniently packed within a rectangular box. 

A plant for the annealing of large aluminium 
sheets has recently been started up. 
It comprises two 140 kW furnaces, each 
with internal dimensions 5ft. 6ins. wide, 
12ft. 6ins. long and 3ft. high. This 
equipment is provided with electrically 
operated doors, electrically operated 
charging machine, a hydraulic lift, transfer 
table and stationary charging tables. 





UNIT AIR HEATERS. 


A new design of unit air heater is 
illustrated in fig. 57. It consists essentially 
of a heater battery and fan enclosed in 
a shell with adjustable louvres on the 
outlet side. Due to the horizontal 
extension of this outlet side, a very 
effective distribution of warm air is 
obtained over the horizontal plane. The 
direction of the air leaving the heater 
can be controlled by adjustment of the 
louvres to suit the mounting height 
employed. 

Control can be effected by a triple pole switch 
and fuse, but thermostatic control is more advan- 
tageous. In this case a triple pole contactor with 
the thermostat controlling the coil circuit is employed. 
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A fusible link in the heater circuit protects the heater 
battery. 

Owing to the high loading of individual heaters 
which is permissible with this system, unit heaters 
are particularly suitable for use in factories, ware- 
houses, garages and similar places. The cost of 
installation is substantially lower than with other 
direct systems of heating. 


WATER HEATERS. 

To meet the largely increasing demand for water 
heaters in working class flats, a system has been 
developed employing a 15 gallon welded copper 
cylindrical tank, which incorporates a_ standard 
water heater apparatus plate. A special temperature 
control device ensures very high efficiency. The 
equipment may be loaded up to 3 kW under thermo- 
static control. It can be fitted out of sight under the 
draining board, and when installed is lagged with 
regranulated cork. 

The water heaters in a number of flats may be 
fed from a common ball valve tank, or alternatively 
a separate feed tank may be placed in each flat. The 
heater feeds the kitchen sink, bath and wash basin. 


INDUSTRIAL COOKING. 


Many large cooking equipments have been 
installed of which some of the most interesting are 
on ships. Examples are afforded by the galley and 
bakery equipments on the Dutch liner Oranje, 
and also on ships of the Blue Star Line. Another 





Fig. 56. 200 kW electrode water heater with storage cylinder at the new 
showrooms of the South Metropolitan Electric Light & Power Co., Ltd. 
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noteworthy installation was that supplied to the 
Birmingham Municipal Airport. 

Six food trolleys, constructed entirely of stainless 
steel, have been made for the Royal Naval College, 
Greenwich. The trolleys are mounted on pneumatic 
rubber tyred wheels, fitted with ball bearings. 





Fig. 57..-A new design of G.E.C. unit air heater. 


Independent thermostatic control is provided for 
each group of elements. 

Another unit of interest is a tilting boiler, fig. 58, 
which can be used for boiling vegetables or milk 
foods. The boiler is built with a stainless steel 
interior mounted in a sheet iron 
outer case which can be finished 
either galvanised oor enamelled. 
The unit 1s mounted on cast iron 
trunnions embodying hand-operated 
worm driven tilting gear. 


DAIRY STERILISING CHESTS. 


The range of sterilising chests 
for mulking utensils has been 
extended by the addition of a 
smaller model intended primarily 
for smallholders. This chest has 
a capacity of 16 cu. ft. Steam 
is supplied to the heat insulated 
cabinet from a rectangular boiler 
mounted below it. 

The boiler is provided with 
a 3-kW heating element and a 
ball valve. As with the larger 
models, steam can be directed from 
the cabinet to an external jet for 
sterilising such components as 
milking machine parts and churns 
or for heating water by steam 
injection. All the chests are now 
designed to accommodate the 
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sheathed wire immersers with safety 
devices to which reference is made else- 
where in this article’®. 

Various awards have been obtained 
for sterilising chests, one of these 
being a Silver Medal at the Centenary 
Royal Agricultural Show at Windsor. 
Other awards include medals of the Royal 
Sanitary Institute, and of Royal Ulster, 
Devon and Northampton Shows. 


DOMESTIC COOKERS. 


A new domestic cooker known as the 
D.C. 105 is shown at fig. 60. It conforms 
to the general style of the D.C. 100”, 
and embodies the established features 
normally associated with the home trade, 
i.e., grill-boiler, warming cupboard, and 


Fig. 59. 





Part of the electric baking installation of the Crawley Cake 


an oven fitted with side opening door & Biscuit Co., Ltd., showing three of the double-deck baking ovens, 


and heated with side and _ bottom 
elements, the oven interior being of the 
removable one-piece type. Externally, however, 
the smooth design is in keeping with the style 
popularised in overseas markets and now in demand 
throughout the home trade where cookers are sold 
on a hire purchase basis as distinct from the simple 
rental scheme. 





Fig. 58.—30-gallon electric food boiler. 


The D.C. 105 is a model for homes averaging 
7.8 persons, and in this cooker the hob equipment 
comprises, in addition to two boiling plates, a grill- 


16. Page 6. 
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two drawplate type and one peel type. 


boiler measuring 12 ins. by 10 ins. This is actually 
the largest grill boiler unit offered in any comestic 
electric cooker. The design and construction of 
the cooker avoid any visible or projecting screw 
heads, hinges, etc. 

The use of thermostatic oven control in domestic 
cookers is growing, and the G.E.C. ““Ovenmaster”’ 





Fig. 60.. Domestic electric cooker suitable for a large 
family. 

unit has been re-calibrated to conform to a new 

series of dial markings recommended for standard- 

isation by the British Electrical Development Associ- 

ation. As all leading manufacturers conform to this 

standardised system of dial numbering, it is an 








36 G.E.C. JOURNAL 


easy matter for a housewife changing from one 
automatic oven to another to obtain the same results 
without difficulty. 


HOUSEHOLD APPLIANCES. 


A new electric kettle, fig. 61, marks a real advance 
in kettle design. It is made of heavy gauge copper 
with a chromium plated exterior. The handle is 
shaped for easy gripping and remains cool when the 
kettle is in use; the bakelite covering is extended 
well down the handle so that accidental burns may 
be avoided. Two vents in the lid guide the steam 
to the right and left of the handle. The usual 
safety device is fitted to protect the kettle if it be 
boiled dry. 

The immerser element has a loading of 1,500 
watts and boils 3 pints of water in only 7} minutes, 
while one unit of electricity boils 16 pints. 


REFRIGERATION. 


A new domestic refrigerator has been developed 
suitable for meeting the needs of an average 
household. Its net food storage capacity is 3} 
cu. ft., yet it occupies less floor space than the 
usual 2 and 24 cu. ft. models. 

New applications of commercial type refrigerators 
have been made and there has been considerable 
demand from hospitals for cabinets, not only for 
food storage but also for the storage of blood and 
serum. An illustration of a food cabinet is given 
in fig. 62. 


FRACTIONAL HORSEPOWFR MOTORS. 
A 1/40 h.p. geared single phase squirrel cage 





Fig. 61. A new quick boiling electric kettle. 


induction motor for use with office machinery 1s of 
the capacitor start and run type, and is fitted with an 
external condenser permanently in circuit. The 
motor drives a 32:1 worm reduction gear built 
integral with the motor. The bearings are 
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designed to operate for very long periods without 
attention. 

A new fractional horsepower motor for 
medical service has been produced in the form 
of a 1/60 h.p. machine running at a speed of 2,500 
r.p.m. This motor is streamlined in polished alum- 
inium in order to give a pleasing contour and to 
avoid the accumulation of dirt. 














ieee bas 
hae — 


a +4 
~ 
= . ac '" 
% ; 4 
a. 
- ee 
‘5 Ps * 
: 8 2 a 
t y a a, . 
eet a > ~ 


Fig. 62.—Coldair refrigerator at a Midiand hospital in 
which separate compartments are used for storing 
different foods. 





WASHING MACHINE MOTORS. 


Single phase squirrel cage motors of the split 
phase type, fig. 63, giving 1/4 h.p. at 1,440 r.p.m. 
have been made, and are arranged with resilient bases 
to enable the motor to be mounted in the extremely 
constricted space underneath the standard washing 
machine. ' 

Two types of bases are available, one suitable for 
mounting on a vertical face and the other for inverted 
mounting with belt tensioning. In all cases the 
motors are fitted with sleeve bearings which are wad 





Fig. 63. —} h.p. single phase washing machine motor 
240 250 volts with manual reset thermal 
cutout and resilient mounting. 


lubricated and provided with large reservoirs to allow 
for very long periods of operation without attention. 


CEILING FANS. 


Two new D.C. ceiling fans have been added 
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to the existing range. One of these, fig. 64, has 
a 60-inch sweep with an input of approximately 58 
watts, while the other is fitted with 90-inch blades 
with an input of 75 watts. The latter unit is fitted 
with two blades instead of the normal three. 


HIGH RUPTURING CAPACITY CARTRIDGE 
FUSES. 


Several extensions have been made to the range 
of high rupturing capacity fuses. Very complete 











Fig. 64.__Swan ceiling fan with 60-inch 
blade sweep. 


tests have been made upon the new units in the 
Witton high power testing station. 


A new 60 ampere cartridge with porcelain 
hoider and base has been added to the sizes avail- 
able for 440/500 volt circuits. The unit is available 
in either front or back connected form. 


A 20 ampere cartridge for the protection of 
power factor correction condensers is of the same 
dimensions and minimum fusing current as the 
corresponding standard cartridge, but it has a special 
element capable of resisting the switching and other 
current surges experienced. 


A 60 ampere size, with holder for front or back 
connection, is for service on traction systems up to 
850 volts D.C. with high values of circuit inductance. 
This fuse is also suitable for 3-phase A.C. circuits 
up to 660 volts. Two designs of traction fuse for 
service at D.C. voltages up to 1,650 have been 
produced. The first is made in current ratings up 
tc 60 amperes, and the other—for rolling stock use— 
is available up to 80 amperes. As in the case of the 
850 volt fuse, the short-circuit tests carried out on 
these two designs include some with very high 
values of circuit inductance. 


A further addition to the range is a rewirable 
fuse for use in flameproof gear up to 3-3 kV. 


LOW TENSION IRONCLAD SWITCHGEAR. 


A new range of cooker control units in cast iron 
cases can be supplied with 5 or 15 ampere sub- 
circuits. The units are provided with a new form of 


mechanical indicator which can be so arranged that 
the “ON” position of the indicator is illuminated 
by means of a pilot lamp. 

Modifications have been made to the standard 
100 ampere flameproof plug and socket so that it is 
now suitable for use where group 2 requirements 
have to be met. 


CONTACTOR STARTERS. 


A contactor starter, fig. 65, for motors up to 
5 h.p. embodies overload trips of the solder pot type. 
Its construction is of a simple character, the complete 
assembly being mounted on a bakelite moulding. 
A self-contained unit is thus available and it can be 
supplied without a case for embodying in machine 
tools and similar equipment. 

This starter is available in flameproof form, and 
it has been fully certified by H.M. Mines Department 
under groups 1, 2 and 3. 


FRACTIONAL HORSE POWER STARTERS. 


The control of fractional horse power motors 
does not present the same technical difficulties as 
that of large machines, but it has its own peculiar 
problems. Among these are the need for compact- 
ness and economy in first cost, and a new line of 
Starters meets both these requirements. 

The starters consist essentially of ironclad 
two-pole contactors of novel design, with two 
breaks per pole. A control knob on the front of 
the case mechanically closes the contactor, which is 
then held in by its operating coil and has in conse- 
quence inherent low-voltage protection. Stopping 





Fig. 65.—-Contactor starter, with solder pot overload 
trips, for direct-to-line starting of squirrel cage motors 
up to 5 h.p. 


is effected by pulling the knob. A high degree of 
compactness is secured by the use of neat bakelite 
mouldings for both base and moving system. Silver- 
faced contacts obviate the oxidisation troubles fre- 
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quently met with in such apparatus. These starters 
are rated for motors up to | h.p., and are particularly 
suitable for remote control by means of thermostats 


or separate start and stop push-buttons. 





Fig. 66. Automatic signal controller. 


The model ts used also as a double-pole contactor 


with a current rating of 10 amperes at A.C. voltages 
up to 250. 


AUTOMATIC SIGNAL CONTROLLER. 


A number of signals have frequently to be sent 
out by beacon, bell, whistle, siren, loudspeaker, or 
other visible or audible means; such signals 
must be begun with as little delay as possible and 
must continue for a stated time. For this purpose 
an automatic signal controller, fig. 66, provides that 
any one of a selected list of signals can be made for a 





Fig. 67. Flameproof photocell equipment for use in 
an explosives factory. 


duration of up to 2 minutes. The transmission 
begins within one second of the momentary pressing 
of the appropriate push button, which may be 
situated anywhere. Signals may be continuous, or 
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interrupted according to any timing scheme, and 
they may be of various durations. At the lower 
part of the illustration two timing drums driven 
by a single 1/8 h.p. motor are shown, and above 
them is a row of six contactors. This equipment 
will give six different signals at will, each addition 
to the list requiring in general an extra contactor 
and drum segment. Signal currents up to 30 amps. 


at 460 volts can be controlled by the apparatus 
shown. 


FLAMEPROOF PHOTO-ELECTRIC CELL EQUIP- 
MENTS. 

There are many situations in which photo- 
electric cell equipments of the flameproof type are 
required, and to meet this need a flameproof case 
for accommodating such equipments, fig. 67, 1s 
manufactured. Twelve sets of equipment, each 
mounted in this type of case, were recently manu- 
factured for maintaining the level in a hopper of a 
product used in the manufacture of explosives. 
When the material in the hopper falls below a certain 
level, an alarm is given and the feed to the hopper 
increased so that the material in the hopper is never 
allowed to fall below a predetermined level indicated 
by the beam of light projected across the hopper 
from the lamphouse to the photocell equipment. 


ALL-INSULATED CORDGRIP LAMPHOLDER. 


A newly designed all-insulated (bakelite) cordgrip 
lampholder, fig. 68, embodies considerable improve- 





Fig. 68.._New cordgrip lampholder. 


ment over earlier designs. Its principal feature, 
which is the subject of a patent application’’, consists 
of a means to overcome the tendency of the cap of 
the lampholder to unscrew when the shade ring is 
removed for such purposes as cleaning, or replacing 
the shade. Previous attempts to meet this difficulty 
have been by the provision of a flange in the body, at 
right angles to the axis of the holder, and immediately 
below the cap; but with this method it was found 
that when a shade was in position, it was not easy 
to grip this flange without gripping the cap. In the 
new holder this drawback is overcome by providing 


Patent appheation 26164 36 
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two projections (‘‘A”’ fig. 68) extending vertically 
from the flange outside the cap, and diametrically 
opposite to each other. The flange and projections 
are moulded integral with the body of the holder, 
and the projections provide a reliable grip. They 
can be gripped by one hand whilst the shade ring is 
removed by the other, and there is no tendency for 
the cap to be unscrewed during the operation. 


. 


+ 
r 


> | 


appearance ; and (3) a radius on the lower edge of 
the body. 

For the production of this new lampholder, 
completely new moulds have been made and special 
20-ton presses, fig. 69, installed for the moulding of 
the caps and rings. These presses’” are of the elec- 
trically driven screw type developed by the Witton 
Moulded Insulation Works. The press and tool 





Fig. 69.—-20-ton electrically operated screw presses in the Moulded Insulation 
Works, Witton, with self-stripping moulds for lamp holder caps and rings. 


Other features of the lampholder are as follows : 
(1) an alteration in the size and shape of the cap 
which gives it a more balanced shape and has made 
it possible to introduce the projections without 
substantially increasing the overall diameter of the 
holder; (2) a new shade ring of more pleasing 


combination is designed so that on opening the 
press the top tool impressions unscrew themselves 
out of the mouldings. By thus avoiding the necessity 
for removal of impressions to the bench for un- 
screwing a very rapid operation is obtained. 


LY. Patent No. 419.395. 





Acceptance Tests of Turbo-Blowers 
and ‘Turbo-Compressors. 


By B. POCHOBRADSKY, M.I.Mech.E., 


Chief Engineer, Fraser & Chalmers Engineering Works, 
Erith, Kent. 


GENERAL. 


HE purpose of acceptance tests is to establish 
the performance of the machine and compare 
that performance with the guarantees. Ob- 

viously the tests will be carried out in such a manner 
as to cover all details of the guarantee. 

Every guarantee is coupled with certain operating 
conditions which will rarely, if ever, be secured on 
test. The test conditions and guarantee conditions 
will thus differ and it will be necessary to correct 
the test results to guarantee conditions before they 
can be compared with the guaranteed performance. 

The procedure outlined in the following article 
indicates the method to be adopted in arriving at the 
necessary test corrections for both turbo-blowers and 
turbo-compressors. 


PARTICULARS OF GUARANTEE. 

A turbo-blower or turbo-compressor is almost 
invariably required to deliver a given quantity of a 
specified gas under certain initial conditions of 
pressure and temperature against a definite delivery 
pressure with a guaranteed energy consumption ; 
that in effect means a three-fold guarantee : 

(a) Quantity of gas. 
(6) Delivery pressure. 
(c) Energy consumption. 

In most cases, so far as the performance of a 
turbo-blower or turbo-compressor is concerned, this 
threefold guarantee is all that is of interest to the 
purchaser. In certain cases, however, guarantees 
are required and given in respect of other items of 
performance such as: 

(d) Temperature of gas delivered. 

(e) Output regulation. 

(f) The quantity of cooling water and, possibly, 
the temperature rise of the cooling water. 

(a) It 1s customary to use the term FAD (free air 
delivered) for the quantity of gas and this term 
designates the flow of gas expressed in cu. ft. 
per min., the gas being at intake conditions which 
are stated, or if not stated they are understood, 
to be 14-7 lbs. per sq. in. abs. and 60 F. This 
refers to the quantity of gas delivered. As there 
may be a difference betwecn the amounts of gas 
drawn in and delivered it is simpler to arrange 
for quantity measurement at the delivery end. 


There are turbo-blowers in which the quantities 
at the intake and delivery ends are practically 
the same, for instance, double-flow turbo- 
blowers or single-flow turbo-blowers in which 
the leakage from the high pressure gland 
is led to the blower intake. On the other 
hand, a turbo-compressor taking in moist air 
might deliver a smaller quantity than had 
heen taken in, as a result of part of the 
moisture content condensing in the compressor 
or in the cooling apparatus. 

(6) The delivery pressure is usually stated as gauge 
pressure expressed in lbs./sq. in. 

(c) The energy consumption is usually expressed as 
brake horse-power and depends on two factors : 
the theoretical horse-power and the efficiency. 
For the theoretical horse-power it is customary 
to assume either adiabatic or isothermal horse- 
power, whichever change of state is nearer to the 
actual compression cycle. 

Both cooled and uncooled turbo-blowers with a 
compression pressure ratio r <3 work nearer to 
adiabatic than to isothermal compression, hence 
adiabatic horse-power is taken as a basis, while for 
cooled turbo-compressors with a pressure ratio 
r > 3 isothermal horse-power is assumed. 

The adiabatic horse-power WH’,, required to 
compress (adiabatically) a given FAD from an 
absolute intake pressure Pp, lbs./sq. in. to an absolute 
delivery pressure p, lbs./sq. in. is given by the 


formula : 
144 « P, x FAD <v[ (2) = -1] 
l 


HP 4 33000 x (y- 1) ° (1) 


where y = (ratio of specific heats). 


The isothermal horse-power H?,, required to 
compress (isothermally) a given FAD from an 
absolute intake pressure P, lbs. sq. in. to an absolute 
delivery pressure P, lbs.'sq. in. 1s given by the 
formula : 


144 x p, x FAD & log. 5 


HP. 33000 gt ea 


By adiabatic overall efficiency e,, is understood 
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the ratio of adiabatic horse-power to brake horse- 


power. 
PP, 
Cad — nip . . . . . . . (3) 


and similarly by isothermal overall efficiency e;, is 
understood the ratio of isothermal horse-power to 
brake horse-power. 


His 


Cis = Ep pee a er OR 


(d) In certain applications of turbo-compressors the 
delivery temperature is required not to exceed 
a certain figure and this will have to be verified 
by tests. 

(e) Turbo-blowers are sometimes equipped with a 
so-called constant volume governor and in such 
cases the permissible limits of the variation of 
FAD may be the subject of a guarantee and there- 
fore of acceptance tests. The performance of 
the constant volume governor may be verified 
on test by altering the pressure ratio (for example, 
by altering the setting of a valve in the delivery) 
leaving the constant volume governor to readjust 
the control mechanism automatically ; the FAD 
measured with the control mechanism in its 
new position will be a criterion of the perform- 
ance of the constant volume governor. 

Many turbo-compressors are equipped with a 
constant pressure regulator, the performance of 
which can be tested with varying FAD. A 
simple arrangement on a Works’ test bed is as 
follows :— 

In the delivery of the turbo-compressor is 
inserted a sluice valve and a suitable length of 
piping with a nozzle for measurement of FAD. 
Initially the opening of the sluice valve may be 
arranged for normal duty, then by reducing 
the opening of the sluice valve the delivery 
pressure would tend to rise and the FAD to 
decrease. The constant pressure regulator will 
keep the pressure rise within certain limits which 
will be a criterion of its performance. 

Sometimes a guarantee is given for the 
minimum FAD without surging; such a guar- 
antee may be verified by gradually reducing 
FAD (by slowly closing a valve in the delivery) 
until a surge occurs. The FAD reading just 
prior to the surge may be considered as the 
minimum FAD without surging. 

(f) The supply of cooling water entails auxiliary 
power and therefore the quantity may be the 
subject of guarantee and test. On the other 
hand the heat abstracted by the cooling water 
from the compressor may be intended for some 
particular purpose provided it is at a suitable 
temperature, hence the temperature rise of the 
cooling water may have to be guaranteed and 
tested. 
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In what follows, it is proposed to discuss cor- 
rections for the most important items of performance: 

(a) FAD 

(6) Delivery pressure. 

(c) Energy consumption. 

(dq) Delivery temperature. 

The subscripts , , . in the following formulae 
indicate guarantee, test and corrected values re- 
spectively. It is convenient to divide the turbo- 
blowers and turbo-compressors into two groups: 
I. Turbo-blowers and turbo-compressors with a 

compression pressure ratio r < 3. 

II. Cooled turbo-blowers and turbo-compressors 

with a compression pressure ratio r > 3. 
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Fig. 1. 


PROCEDURE IN CORRECTING TEST 

PERFORMANCE. 

1. Turbo-blowers and turbo-compressors with a com- 
pression pressure ratio r < 3. 


(a) FAD and Delivery pressure. 


The performance so far as FAD and delivery 
pressure are concerned is shown in fig. 1. 

At a given speed the delivery pressure varies 
with FAD. If the turbo-blower is driven by a 
variable speed motor, for instance, a steam turbine, 
it will be seen from fig. 1 that it is comparatively 
easy to demonstrate whether the blower is capable 
of performing the specified duty (marked in fig. 1 
by point g) by testing the blower at a slightly lower 
duty (point a in fig. 1) and at a slightly higher duty 
(point 5 in fig. 1). The test, however, must first be 
corrected to guarantee gas and intake pressure and 
temperature. 

If, on the other hand, the turbo-blower is driven 
by a constant speed motor, then the test should be 
made at that speed and corrected to guarantee gas 
and intake pressure and temperature. If the test 
cannot be made at the specified speed, then speed 
corrections must also be introduced. 

The more general case involving difference in 
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gas, intake pressure, intake temperature and speed 
will be examined. 

To establish the nature of these corrections the 
simplest machine of this kind will be considered, a 
single stage uncooled turbo-blower, the gas flowing 
into the impeller in a plane through the axis of the 
shaft. 

The power input to the impeller, when dealing 
with FAD, at a speed of RPM, for 1 lb. of gas per 
sec. is given by the formula : 


N, - l V », u-. 
g 
N, = power in ft. lbs./sec. 
V.,, = tangential component in ft./sec. of the 


absolute gas velocity at the impeller outlet. 


u, = peripheral velocity in ft./sec. at the impeller 
outlet. 


g = acceleration due to gravity in ft./sec.° 


If we increase the peripheral velocity from u. 
RPM, 
RPM: 

_ RPM, 
— RPM. 


to u, and at the same time increase FAD, to 


the gas flow remains similar, the 


RPM, 
f ie A 
RPM: * 
y, RPM:. 
2u RPM. , 
RPM, 
RPM. 
and increased FAD, APA the power input for IIb. 
of gas per sec. will be: 
l RPM. RPM 
N,=- V; . w : 
: *“ RPM, * RPM. 
RPM. 
N: RPM? 
(RPM, = guarantee speed). 


velocities being increased in the ratio o 
in particular will be also increased to 


with the increased peripheral velocity u, 


This power input is converted partly into the 
work of adiabatic compression and partly into losses 
due to friction, shocks and eddies. Let hydraulic 
efficiency 7, represent the ratio of the work in the 
adiabatic compression of 1 lb. of gas per sec. W 
to the power input for 1 lb. of gas per sec. N. 


Np Wad ye ae ae eee (5) 

N 
The hydraulic efficiency 7, remains constant as 
long as the gas flow is similar; provided therefore 


that 


ad 


, RPM. 
FAD = FAD ee es (6) 
RPM,7 
then W,,,. Wasi ppyy? weet ae ata: 7 


W,,. being the work of adiabatic compression 
for 1 lb. of gas per sec. when the machine works with 


FAD., that is to say when the similarity of gas flow 
is maintained. So long as this similarity is maintained 
W.4. may refer to a gas different from test gas and 
at intake conditions different from test conditions. 

The work involved in the adiabatic compression 
of 1 Ib. of gas per sec. on test is: 


yee 
W.,, 2, Tf, Y-1 [(p2) Y=  |fe lbs. /sec. . (8) 
R, = gas constant 
T,, = absolute intake temperature, | 
Y 
P, 


Ch ‘ . 
( ) (ratio of specific heats) —_ 
c, J, conditions 


, = abs. intake pressure | 
P., = abs. delivery pressure 


and similarly the work involved in the adiabatic 
compression of 1 lb. of guarantee gas per sec. at 
guarantee intake conditions is :— 


«3 
if P..\~y 
Wa. R, r. _ ae i [ (32) fae | . . (9) 


R, = gas constant 
T,, = abs. intake temperature 


= guarantee 
c . 

Yy, = (< ) conditions 

P. = abs. intake pressure | 

P, 


abs. delivery pressure which would be 
obtained if the machine were working 
under guarantee conditions. 


Combining equations (7), (8) and (9) we obtain 


| 


(e) (Y.-D)R Tv, (2) + 1] 
P,, Y.ReTu(¥-1)L Pu] 
RPM. | 
PPE tic: -> (10) 


If ¥, = Y, = Y equation (10) becomes 


P, ) * R. Ty (= F -1] 
P,. R r+ Pi: 


RPM - 


RPM. Bie ao See 
or if Y, = ¥. =Y and R,=R,=R 
(10) becomes 
Ps\ 7 _ Ts P») Pa] 
(5) r| (p, 
RPM? 1 |... (10b) 


RPM? ' 


In most instances, the guarantee gas and the test 
gas will be the same, hence equation (10b) will be 
applicable. 

The equation (6) in combination with (10), 
(10a) or (10b) is correct only for a single-stage 
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turbo-blower, but this combination may be used 
with reasonable accuracy for machines up to a 
compression ratio P 

l 
conditions do not deviate from the test conditions 
beyond the following limits : 

Abs. intake pressure +5”, 

Abs. intake temperature +5”, 

FAD +5°, 

Theoretical input energy +5”, 

Density of gas at the intake +10°%, 

Temperature of cooling water +15°F. 

Speed of single-stage machine +5”, 

Speed of two-stage machine +4}°,, 

Speed of three-stage machine +3}°,, 

Speed of four-stage machine +2?°, 

Speed of five-stage and over +2”, 

To facilitate the evaluation of formula (10), 
(10a) or (10b) the diagrams in figs. 2a or 2b may be 
used. 

The method of using these figures is explained 
in the appendix. 


=3 provided the guarantee 


Fig. 2a is suitable for - up.to 1-4 for monatomic 
l 


gases, up to 1-6 for diatomic gases, and up to 
1-8 for triatomic gases. 

If the speed is not one of the guarantee con- 
ditions then there is no need to correct for differences 
between test and guarantee speed, but only for the 
differences in gas, intake pressure and temperature. 

At the test speed RPM,, and therefore at the 
tested FAD,, equation (10) becomes : 


Y,-1 %, 1 

P, ) > in ze) - ] 
we a ~1}+1.(11 
(>. ¥: Re Ti¢(¥:-1) (>, (11) 


If Y, = ¥, = Y, equation (11) becomes : 


l Y-1 
P2 Y R. Ti ) » 4 | 
(Be) R.T.. | (>. -1} +1 .. (Ila) 
or if Y,=Y¥, =Y¥ and R,=R,.=R 


equation (11) becomes : 


Pa\ y Tu oye 
(7; r.| (>, 


p.. calculated from equation (11) or (lla) or (11b) 
is the corrected absolute delivery pressure with 
guarantee gas, guarantee intake pressure and 
temperature but with the same FAD and speed 
as those at which the test was carried out. 


-1] +1 o> re 


(6) Energy consumption. 
The energy consumption is expressed by equation 
(3) 
BH = 


Pad 


Cad 


The adiabatic overall efficiency varies, of course, 
with the duty ; it depends on the hydraulic efficiency, 
leakage losses, disc friction and bearing losses. 

An example is shown in fig. 3. 

In this figure the full lines represent delivery 
pressure at speeds RPM,, RPM, and RPM, for 
varying FAD. The dotted lines are lines of “similar 
flow,” for example, FAD, = FAD, >» RP the 
heavy dot represents the maximum overall adiabatic 


| 





OVERALL ADIABATIC 


EFFICIENCY 
i | 
4 F 
: 4 Cad max. . 
~~ 9986 

/ / , 7 Cad Max. = : 
7 4 ‘, i 

; a © ad max. * *° 






«9575 | 
© ad max ° a 


———t DELIVERY PRESSURE 








rao, | FAD, 





———t- FAQ = FREE AIR DELIVERED 


Fig. 3. 


efficiency @,j ma» the chain-dotted lines. of 
elliptical shape are lines of constant overall adiabatic 
efficiencies. It will be seen that the change in 
efficiency is very small in the neighbourhood of the 
maximum overall adiabatic efficiency where the 
principal duty occurs. It will be seen, further, that 
the change in overall adiabatic efficiency along the 
lines of “similar flow’’ is also small, provided that 
the speed variation is moderate. 

The energy consumed on test E, may be expressed : 

HP aa t 


E. 
Cad t 


The energy consumption corrected to guarantee 
conditions would be : 


E Ha au’ 
(Cad ‘). 
where e,, , = overall adiabatic efficiency on test, 
and (e,, ,), overall adiabatic efficiency on test 


corrected for difference in test and 
guarantee conditions. 

Within the limits of deviations of test conditions 
from guarantee conditions stated the overall adiabatic 
efficiency may be assumed as constant and within 
these limits we obtain: 


HP a4 MY bP ad f 
(e,4 ), = 6.44 ™ E. E. 


or using equation 1, page 40. 
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as 


in P.| ( 2.02 
P,-™ FAD on 
y 


)* 
sea 


Pr 
Pi, 
P, 
P,, 





or if Y, = Y Y 
p,. FAD (> -1 
E E ea 


p rap,[ (5°) -1] 


The evaluation of these formulae (12) or (12a) 
is facilitated by figure 2a or 2b. 


(c) Delivery temperature. 


When | lb. of gas is compressed from an absolute 
pressure p, and an absolute temperature 7, to an 
absolute pressure P, in an uncooled turbo-blower 
the absolute delivery temperature will be 7., and 
the heat content is increased by c, (7,-7,). Had 
that compression been adiabatic the absolute delivery 
temperature would be: 


= r, (5) 


and the increase in heat content would be: 


Cy (T. 7 om T,) 
The internal efficiency of the machine 1s: 
T ad T, 
ies sy 


Within the limits of deviations of test conditions 
from guarantee conditions stated on page 45 e may 
be taken as constant. For test conditions we have: 


AG) 


and for guarantee es 


r[(be) 1 


Ia-T 


é, =e, means: 
P2, . P» ~ 
LG) Ga 
T2-T Ta-T 


and from this equation is calculated the corrected 
absolute delivery temperature : 


I, 
r, r, Tr, (Fa- Tw 


[ ( 
[(» y as 
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This formula may be used, though with some 


inaccuracy, for cooled machines with D, <3, 


provided that the cooling water temperature on test 
does not deviate from the guaranteed temperature by 
more than + 15°F. 


2. Cooled turbo-blowers and compressors with a 


| es 
compression pressure ratto p > 2. 


In multi-stage turbo-compressors for higher 
pressures similarity of gas flow is difficult to establish ; 
comparatively small differences in FAD, intake 
pressure and temperature, speed and cooling may 
produce considerable differences in gas flow in the 
later stages. The correction methods discussed in 
connection with comparatively simple machines no 
longer apply for machines with higher compression 
pressure ratios. 


(a) Delivery temperature and delivery pressure. 


The gas temperatures in relation to the cooling 
water temperature in a multi-stage turbo-com- 
pressor will now be examined. It will be assumed 
that cooling is provided at every stage (casing cooling 
or intercoolers) and that the cooling water quantity, 
FAD, the gas and speed are not altered in the three 
tests to be investigated : 


Ist test. 
Abs. intake pressure F. 
Intake gas temperature th 


Cooling water temperature at inlet = ¢, 


earh 
ame 


A delivery gas temperature t,, and at a given 
stage t,. will be obtained. 


2nd test. 
Abs. intake pressure = p,, and intake gas 
temperature t,, as in the first test, but the 


cooling water temperature 
Cont Fines | c= €,, . . . . . . (13) 


it will be found that the gas temperature at a certain 
stage t}, will have the relation: 


’ 


f= t.. p (le iy t swt) , 


the factor + will increase towards the high pressure 
stages and eventually will reach 1-0 as shown in 
fig. 4. 

In particular the delivery gas temperature in the 
2nd test t:, will satisfy the equation. 


Che ee ee CO le st oe 
when ¢ 1s to be taken from fig. 4 corresponding to 
P; 
RT, log, D. 
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ane Aah One i ler for RT, log, 22 30,000 
Abs. intake pressure =P, ae er: | 1B. P, a 
Intake gas temperature = ¢,. 


Cooling water temperature = 1,..., 
As the cooling water temperature in the 2nd test 
was t,), = te + ty, — ty, it 1s seen that ¢,, -t, 


£ x 


_ ts ct soa Ciwe 
The intake gas temperatures in the 2nd and 3rd 
tests differ by the same amount as the cooling 
water temperatures; as in the two tests each stage 
produces the same amount of work (or heat) it 
follows that the difference in gas temperature in the 
2nd and 3rd tests will be the same in any particular 
stage and naturally at the delivery, 
or 05, — to, = tie — tive 
where t,. is the delivery gas temperature in the 3rd 
test. Or, substituting for t,),, the expression assumed 
for the 2nd test gives: 
ty — tae = biog 1 bre — big — brug 
or to — t., — ay = Ci. . . . . . ° . . (15) 
Combining equations 13, 14 and 15 we obtain : 
l. _— C5, = x p (Chwe 


ty — big — bia) — by t},+++ (16) 


The empiral factor + in fig. 4 is also applicable to 
turbo-compressors with a smaller number of inter- 
coolers: namely 


Two intercoolers for RT, log, < between 30,000 
l 
and 42,500 


Three intercoolers for RT, log. 5 > 42,500. 


I 

The factor ¢ depends on the compression work 
for 1 lb. of gas per sec.; in the higher stages of a 
multi-stage compressor it approaches the value of 
1-0, that is, in those stages where the compression 
work for llb. of gas per sec. has risen to a certain 
value ; a cooled turbo-compressor for some smaller 
compression ratio may be imagined as the low pressure 
portion of a compressor for a high compression 
ratio, and obviously in that portion + may not 
reach 1-0. The compression work for 1 lb. of gas 
per sec. is proportional to the work of isothermal 
compression of | lb. of gas per sec., which is ex- 


pressed by RT, log, 5 *; it is therefore convenient to 


P, 
represent + as a function of RT, log. D° 


Assume a turbo-compressor for air with intake 
pressure of 14-7 lbs./sq. in., intake temperature 
60°F. and delivery pressure (gauge) 80 lbs./sq. in. 
(abs. delivery pressure 94-7 Ibs./sq. in.) and 
cooling water temperature of 60°F. 
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p 
RT, log, p 48,300; from fig. 4 ¢ l and 


equation (16) becomes : 


t. fn. +h Whe se Lee ee ee 


In other words, if this compressor is tested with 
cooling water at the temperature ¢,,, and gives the 
delivery temperature t,, with p,,, t,, and cooling 
water at a temperature ¢,,,., 1t would give a delivery 
temperature ¢ to — tyoe — true provided that 
FAD and speed are the same. 

Experience shows that the compression in a 
cooled turbo-compressor proceeds in the low pressure 
stages closer to the adiabatic and in the high pressure 
stages closer to the isothermal compression; it 1s 
therefore convenient to imagine the theoretical work 
of compression for 1 lb. of gas per sec. as consisting 
of two parts; first adiabatic compression from 
P,,, T,, to T., (giving an absolute pressure P,,,) and 
then isothermal compression from P,, to P., at the 
absolute temperature 7.,. Although in the high 
pressure stages the compression as a whole approaches 
the isothermal, each stage individually works closer 
to the adiabatic compression, most of the cooling 
being done after the stage compression; the actual 
work done in the high pressure stage is to be com- 
pared also with the work of adiabatic compression 
in that stage; in such a stage the adiabatic work 
is approximately equal to 1-025 x isothermal work. 

If isothermal compression is assumed for the 
high pressure stages as a whole the work correspond- 
ing to that isothermal compression must be multiplied 
by the factor 1-025 to arrive at the correct delivery 
pressure for another cooling water temperature. 
Within the permissible deviations, the total effect 
of the factor 1-025 is practically negligible and 
need not be considered. 

The absolute pressure at the end of the adiabatic 
part of compression is P,, (from p,,, T,, to T») 


Pu\ y To 
(a) ‘eae ee 


In the same compressor with the same FAD, gas 
and speed, but with P,,, 7,, and T,,., the absolute 
pressure at the end of the adiabatic portion of the 
compression is P,,. : 


“a eee 
(5) ae rer 


The adiabatic part of the compression work for 1 Ib. 
of gas per sec. for the two cases 1s: 


y, T: = ) Y: Po ); 
RT (7: 1) and R, Ty, (7: 1); 


the isothermal part of the compression work for IIb. 
per sec. for the two cases 1s: 

R, Ty log, (£2 )-and-R, T,, log, (22 

_ T., log, (>. and R, T., 08. (5 
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p>. being the absolute delivery pressure which 
would be obtained with unaltered FAD, speed and 
gas but with P,., T,, and t,,,.. 

The sum of the work done in the above adiabatic 
and isothermal compression is equal in the two cases : 


¥; 2! P» 
R Tyo ( 2 - 1) +R, T, log (52) 


i Y; T 2 P, 
RT (FR -1)+R7; log. (5) 


From this equation we obtain: 


Ye-1 
pey ty | Te Tu-To + T,.| 
log. (5. ) = £4 _,, 


IT. log, o 


Tn 


There may be a slight difference between the 
test and guarantee gas; to obtain the corrected de- 
livery pressure p,. in such a case it is sufficient to 
apply the following equation : 


--— 
; 


(20) 


Ps P2 
R, T,, log. D,. = R, T,, log, D. 


This equation expresses the identity of work of 
isothermal compression for 1 lb. of gas per sec. ; 
from it we calculate 


P, | 
ogg =p les. -- +--+ - (2) 


With the help of equations (16) (or 17 if applicable) 
(18) (19) (20) and (21) the corrected absolute delivery 
pressure P,. for guarantee gas, guarantee intake 
conditions and guarantee cooling water temperature 
can be established for the test speed and test FAD. 


(6) Energy Consumption : 


The test has been carried out at a certain speed 
with FAD,, P,,, Ty, Py and t,, the FAD, 


FAD, x P,, «x 144 


represents RT. xO lbs. of gas per sec. 


The gas was compressed from P,,, T;, to Px, T>, 
with cooling water temperature ¢,,,. It was found 
by equating the theoretical compression work per 
1 lb. per sec. that the absolute delivery pressure 
would have been P;, with p,,, T;, and ¢,...3 Ph» Dy» 
T,, may now be compared with the guarantee. 

The isothermal compression work for 1 lb./sec. 


is R,T,, log, > and for the total gas flow expressed 


‘ 


in Ibs. per sec. 


FAD, x Pi; x 144 P, 


xi 
Ateeb tt 3 he ~ 
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Similarly the total isothermal work under the guar- 
antee is 


FAD, x py. x 144 


R.T.. x 60 R. T,, log, Die 


Within the limits of deviation stated on page 45, 
the overall isothermal efficiency may be assumed 


constant, hence the corrected energy consumption 
E. is: 


P;. T,, FAD, log, - 
E, = & ——— . 
Py, T,. FAD, log, ?2 

Pi: 


It is not likely that the performance of the 
machine can be fully verified by one test and it may 
be necessary to make several tests and interpolate. 


3. Change in Efficiency. 


In multi-stage turbo-compressors the overall 
efficiency as well as the hydraulic efficiency change 
perceptibly with the different conditions, particularly 
at increased FAD. In some cases it will not be 
permissible to assume that these efficiencies remain 
unaltered, the method discussed above and the 
formulae for correction should then be established 
by tests, or deduced from data already available 
from previous tests on similar machines. 


APPENDIX, 


In the figures 2a and 2b curve A represents 
log ( D. in function of D and curve B 


v8] 


P. ) "y 
represents (>, 


y-1 


in function of log (7) | 
I 


te i ae cot POS 
As log ( p;) we log p 
P.\"— 1-4-1 P, 
and log ( *) ra OS 5. 
me We ee mt 
: P. ¥ P, 1.4 VW Y 
it follows that log (7°) log (>) 1-4-] 
1-4 
vy, I*4-1 
P2\~*— ea yt. eee 
or log (2) 1.4 log (5 ) ¥-!1 
Y 


In our formulae we have to find 


ad 
‘ 


1. for a known P, the value of ay. 
P, P, 


v-1 


P, "a P, 
2. for a known ( p the value of 
P 
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» a | 


To find the value of (5) Y for a known P2 
l 


P, 


we proceed as follows: 


For the known ; we find on the curve A, the 
] 


P. 1 4 l PD. 1.4- 1 
value log ( 5) '4 and calculate log ( *) 14 
] P, 
y-1 
Y hich onal ett) ee 
{1.4217 Which eq g Dp. on 
1-4 


y-1 
the curve B we find (7) * corresponding to 
| 


as 
‘ 


P2\ 5 
log (>) 
Y-1 


P, P,\ - 
To find *, for a known (>') 


I 


we proceed 
I 


as follows :— 


we find by means 


To the known (®) ; 


of curve B the value of log (>) Y and calculate 
| 


— 1-4-1] 

Ay <a 

log 7) a 
Y 


P, ' 
and by means of curve A we find D, corresponding 


} 


p. 4-1] 
which equals log (>) 1.4 


1.4 


P2.\=> 
to log (7) 14 


If y = 1-4 the procedure 1s simpler : 


Pp. p I s - | 
To find for a known D, the value of (7) 4 


P, ey 
draw a horizontal line through the known Dp, until it 


intersects line A; through this point of intersection 
draw a vertical line until it intersects the line B; 
this point of intersection on line B gives the value 


49) tell 
PD. 
P. 4 ; | 
To find for a known (3) '* the value of 


draw a horizontal line through the known 


p. 
D, , 
-D. 14-1 
( m) '* until it intersects the line B; through 


this point of intersection draw a vertical line until 
it intersects the line A; this point of intersection 


P, 
on line A gives the value of D. 
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flows roughly north and south, 
reaching the coast at Axim where it pours 
itself into the Gulf of Guinea. Many of the 
shallows of the river are sufhciently rich 
in alluvial gold deposits to warrant com- 
mercial development, and the Bremang 
Gold Dredging Co., Ltd. has installed 
equipment at two of these points for 
dredging the mud and gravel from the 
river bed from which the gold 1s subse- 
quently recovered. A map of the territory 
is given in fig. 1, from which it will be 
seen that the railway runs from the port of 
Takoradi to Prestea by way of Tarkwa, 
a total distance of approximately 62 miles. 
The Ankobra River and its tributaries lie 
to the west of the railway line and the first 
dredge is situated at Ankobra Ferry. a 
The dredges are electrically operated 
and are supplied from individual sub- 
stations fed by a 55 kV overhead trans- 
mission line from the power station at 
Ankobra Junction, a distance of about 20 
miles. Power 1s also carried by 55 kV 
overhead lines to the Ariston Gold Mines 
substation at Prestea and to the Gold | 
Coast Main Reef, Ltd. at the Bondaye 
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substation. 


Fig. 1. Map of field of operations of the Bremang Gold 
The greater part of the electrical Dredging Co., Ltd. 
equipment was supplied and erected by 
The General Electric Co., Ltd. It includes At present there are three dredge substations, 


the generating plant and main switchgear, the main 
55 kV outdoor substation equipment, the switchgear 
tor the dredge substations, together with the con- 
tactor gear for the control of the three main drives 
on the dredges, and the complete equipment of the 
Ariston and Bondaye substations. 





one being held in reserve as a stand-by; ultimately 
there will be extensions for three more dredges, 
making five in all, the last being at least 45 miles 
from Ankobra Junction. A general idea of the 
extent of the system may be gathered from the 
single line distribution diagram shown in fig. 3. 
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rhe power station site at Ankobra Junction, showing the 
power station on the left and, directly behind it, the spray 
cooler for the Diesel engine circulating water. The oil 
storage tanks are seen in the centre, while on the extreme 
right is the main 55 kV substation in course of erection and, 
above it, one of the residential bungalows. 
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THE BREMANG GOLD DREDGING CO., 


LAYOUT OF POWER STATION. 


As already mentioned, the power station is 
situated at Ankobra Junction, more than 60 miles 
from the coast, and the preparation of the site 
entailed a great amount of work in clearing the 
bush, in the first instance, and subsequently of 
levelling and making up the ground before it was 
possible to begin the erection of the power station 
buildings, workshop, oil tanks and substation, as 
well as quarters for the European staff and native 
labour. A comprehensive view of the site is given 
in fig. 2, which shows the power station on the 
left and, directly behind it, the spray cooler for the 
Diesel engine circulating water; slightly to the 
right are the oil storage tanks and the workshop, 
while on the extreme right are seen the 55 kV 
substation in course of erection and, above it, 
one of the residential bungalows. 

POWER SUPPLY AND DISTRIBUTION. 

The main generating plant consists of seven 
725 kW alternators designed to operate at 0-8 power 
factor and to give a 3-3 kV, 50 cycle, 3 phase supply. 
The alternators run at a speed of 214 r.p.m. and each 
is driven by a 1,000 h.p. 8-cylinder Crossley Premier 


z 
ao 
‘2 


: TRANSEF OF 


LTD. 51 


Diesel engine of the horizontally opposed 4-crank 
4-cycle type. 

The alternator magnet wheels are of fabricated 
steel construction and are arranged to bolt directly 
to the engine flywheels, outboard pedestal bearings 
being provided. The exciters are overhung and the 
armatures are pressed on to the extension of the 
engine shafts. Figs. 4 and 5 show the interior of 
the power station. 

The alternators are controlled by a cubicle type 
switchboard with duplicate busbars (fig. 6), there 
being a hand-operated oil circuit breaker for each 
alternator; the equipment also includes the necessary 
meters, synchronizing gear, induction type protective 
relays and automatic regulators. From this board 
the 3-3 kV supply is taken to the main outdoor 
substation where by means of four 1,500 kVA 
transformers it is stepped up to 55 kV for trans- 
mission by overhead lines to the three dredge 
substations and to the Ariston and Bondaye 
substations. Each of the high tension lines is 
controlled by a three-phase remote operated out- 
door type oil circuit breaker. In addition to 
the main transformers there are two 250 kVA 
3-3 kV 440 volt transformers for supplying the power 
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Fig. 3..-Diagram of electrical distribution to the 
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DREDGES. 


The dredge substations are 
situated in convenient proximity 
to Nos. 1 and 2 dredges on the 
Ankobra River. The equipment in 
each substation comprises a 700 
kVA 55 kV 6-6 kV transformer, 
together with the necessary in- 
coming and outgoing oil circuit 
breakers and isolating switches, 
by means of which the 55 kV 
supply is stepped down to 6-6 kV 
and again transmitted by overhead 
lines, being ultimately taken on 
board the dredge by a marine 
trailing cable where it is finally 








Fig. 4. Interior of the power house showing the 725 kW Diesel 
engine driven alternator sets when erection was nearly completed. 


house auxiliaries and for providing lighting at 250 volts 
between phase and neutral. A general view of the 55 kV 
substation at Ankobra Junction in course of construction 
is seen in hg. 7, while hg. 8 shows one of the native 
pangs at work. 

A small stand-by engine driven alternator, rated at 
19-5 kW 0-8 power factor, 440 volts, 50 cycles, 3 phase, 
4 wire, running at 1,000 r.p.m. and equipped with a 
direct coupled exciter, is installed in the power house 
to provide an independent supply to the station 
auxiliaries. The circuit breaker on the alternator panel 
is interlocked with the switchgear on the low voltage 
side of the 250 kVA transformers in order to prevent 
the alternator’s being paralleled with the incoming supply. 

A second stand-by alternator set of the same rating 
is installed at the main camp, near the dredges, to 
provide an emergency supply for the main workshop 
and tor essential lighting. 





Fig. 6.3.3 kV generator switchboard 
controlling the seven 725 kW alternators. 


stepped down to 440 volts for supplying 
the various operating motors. The 
aggregate power installed on each dredge 
is approximately 850 h.p. Fig. 9 shows 
the 55 kV overhead line at the entry to 
No. 1 Camp, and in fig. 10 1s seen a 
view of the dredge at Ankobra Ferry. 
The dredge motors include a 200 h.p. 
machine for the main drive, a 125 h.p. 
motor for the ladder hoist which serves to 
vary the angle of the dredge ladder as 
may be required, and two machines of 
40 h.p. and 15 h.p. for operating the swing 
and derrick winches respectively. All 
the motors are of the slipring type and 





Another view of the interior of the power house 
at Ankobra Junction those enumerated above are arranged for 
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rotor control by means of heavy duty airbreak 
contactor panels in conjunction with a drum type 
master controller and separately mounted 
resistance grids capable of giving speed regula- 
tion down to 50 per cent of normal. Current 
accelerating relays are provided in order to safe- 
guard the equipment in the event of the 
operator moving over the master controller 
handle too quickly, while for reversing the 
direction of rotation triple-pole stator reversing 
contactors are employed. A solenoid brake is 
fitted to the main dredge motor and the winch 
motors. 
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ARISTON AND BONDAYE SUBSTATIONS. 


= Fig. 8..-One of the native gangs at work on the 
From the main 55 kV substation at Ankobra construction of the main substation. 
Junction an overhead transmission line also 


LOCAL CONDITIONS. 


The power station and the various 
camps from which the dredging operations 
are conducted are situated some 6° north 
of the equator in what was originally bush 
country with a humid, tropical climate, 
and it is interesting to note the improve- 
ments in living conditions which have 
been made in recent years. The bunga- 
lows provided for the accommodation of 
the European staff are of the most up-to- 
date type with modern sanitary arrange- 
ments, electric light, fans, and running 
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. water supplied from specially constructed 
epgutt! iz ~~ 
i ‘a t = | ML 8 tanks. As regards diet, most of the 
| Pe meme vegetables are tinned, but fresh potatoes 
ie ~  ~—=—« are obtainable from Madeira and green 


vegetables, such as lettuce and cabbage, can 


Fig. 7..The main 55 kV outdoor substation at Ankobra be grown locally provided the soil ts ade- 
Junction. quately watered and sheltered from the sun. 


runs to the Ariston power house at Prestea, a 
distance of 1} mules. The voltage is stepped ; 
down in the substation to 3-3 kV by means of 

a 1,500 kVA outdoor type transformer and ~. ! a we , 
supplements the output from the generating 'e : 
plant in the station for the supply to the mull. | 
The main switchboard is designed so that the 
incoming supply can be paralleled with the 
station generators. 

From Prestea, the overhead line is carried a 
further 34 miles to the Bondaye station of 
Gold Coast Main Reef, Ltd., where the power 
is stepped down to 3-3 kV to supply the various 
items of mill equipment. The substation com- 
prises two 1,500 kVA 55 kV 3-3 kV outdoor 
type transformers, together with the necessary 
oil circuit breakers and isolating switches on 














| Fig. 9.-The 55 kV overhead transmission line at the 
the incoming and outgoing lines. entry to No. 1 Camp. 
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Cheese and butter are also available and can now on the outside with mud. Most of the boys who 
be kept in good condition almost indefinitely as a result have worked in the mines have a slight knowledge 
of the installation of domestic refrigerators in the of English, but, as a rule, it is insufficient to enable 





Fig. 10. No. 1 dredge at Ankobra Ferry. Fig. 12.A typical native village. 
bungalows. Wireless programmes are provided by a 
local company at Prestea and a relay station has been 
instituted in each camp with loudspeakers in the 
individual bungalows. 

A view of the Ankobra River in the vicinity of 
the dredges is shown in fig. 11, and in bringing 
power from the generating station at Ankobra Junction 
it was necessary to clear a route for the overhead 
lines through approximately 26 miles of jungle. The 


them to understand clearly what 1s said to them. 
For this reason instructions are generally given 
through headmen who possess a much fuller know- 
ledge of the language. A little group of village 
notables is seen in fig. 13, the chief is seated in the 
centre, on the left is his mace bearer, and on the 
right the interpreter in European dress. 

In conclusion, the author desires to acknowledge 


his indebtedness to New Consolidated Goldfields, 





; River in the neighbourhood 
wee Ee ons meg aeeteen. . . Fig. 13. -A group of village notables. 


native labour employed is recruited from local Ltd. and the Bremang Gold Dredging Co., Ltd. for 
villages, fig. 12, which consist of a cluster of houses, permission to publish the foregoing information and 
or huts, constructed from bamboo poles coated photographs. 
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Radio Interference. 


By N. R. BLIGH, B.Sc., and 
R. F. PROCTOR, M.Sc., A.M.I1.E.E. 


G.E.C. Research Laboratories, Wembley, England. 


WING to the greatly increased sensitivity of 
the modern radio receiver on the one hand 
and the increasing use of electri~al apparatus 

on the other, the problem of suppressing radio 
interference caused by electrical equipment has 
become of great importance. 
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Fig. 1..-Current induced in an aerial by a neighbouring 
power line. 


Any sudden change in the potential or current 
distribution in an electrical circuit, such as may 
arise through the making or breaking of the circuit by 
the contacts of a switch, can induce voltages in neigh- 
bouring wireless receivers. The receiver will 
frequently be remote from the point in the electrical 
installation where the initial change in potential 
occurs, and it will then be only indirectly affected by 
the resultant surge which may have travelled a 
considerable distance along the distribution system. 

For example in the case of a receiving aerial 
running parallel to an electric power line, initially 
on open circuit, closing the switch will cause a 
current to flow in the power line which will reach 
its final value in a short interval of time as indicated 
in fig. 1 (a). Any oscillation which may be set up 
will be neglected for the moment. As a result of 
this sudden rise in the current in the power line, a 
voltage will be induced in the neighbouring receiving 
aerial as shown in fig. 1 (b). The magnitude of this 
induced voltage will be greater the more sudden the 


rise in current and the greater the degree of coupling 
which exists between the aerial and the power line. 

This voltage surge will set the resonant circuits of 
the receiver in oscillation in a somewhat similar 
manner to that in which a rapid blow will set a 
pendulum in oscillation. 

The amount of interference experienced will 
depend upon the duration of the voltage pulse, its 
magnitude, and upon its rate of rise and fall. 

Alternatively the problem may be regarded from 
a rather different angle. Consider, for example, the 
case of a thermostat which is controlling an electric 
heater. For simplicity, although this is not necessary 
to the argument, let the on and off periods be of 
equal duration. The rectangular wave-form in fig. 2 
will then be obtained. 

This wave-form can be analysed by means of the 
Fourier series into a sine wave having the same 
fundamental frequency as that of the rectangular wave 
together with an infinite series of harmonics, the 


instantaneous value of the current, i, being given 
by 


4/7 . sin3a@t  sin5 wt 
t=I+ —|sinwt 4 3 | 5 


, sin 7 wt , | 
7 > > > 
where w = 2xf,. 


f = frequency of the fundamental. 

m = 3-14. 

t -time measured from the beginning 
of one cycle as indicated in fig. 2. 





























and / the value of current as shown in fig. 2. 
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Fig. 2. Wave-form of current in a thermostatically 
controlled heater. 


The voltage induced in a neighbouring aerial will 
therefore include alternating voltages of quite high 
frequencies to which a radio receiver may be tuned, 
and which will be amplified and detected by the 
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receiver together with the desired signal. The 
amplitude of these harmonics of radio frequency 
falls off rapidly as the rate of rise and fall of the 
current decreases. 


PROPAGATION OF RADIO INTERFERENCE 


An electrical disturbance may be transmitted 
trom the source of interference to the receiver either 
by direct radiation through space, to be picked up by 
the aerial of a wireless receiver in the vicinity, or 
back along the supply mains to enter the receiver 
through the mains input terminals. Frequently the 
two methods of transmission will be combined. 
For example the interference generated by the motors 
of a trolley-bus may be transmitted along the trolley 
wires and induce currents at some distant point in a 
neighbouring power line, to be re-radiated on to the 
aerial of the receiver. 

Owing to the fact that the majority of electrical 
appliances have an appreciable capacity to earth, the 
interfering currents will not be confined to the 
conductors connected to the interfering item, but 
will in addition be propagated either directly through 
an earth lead or indirectly through neighbouring 
conducting bodies. 

Fig. 3 shows the current paths for a split field 
series commutator motor the frame of which 1s 
earthed. The capacities between the windings in 
the machine and its frame, and between the supply 
mains and earth, present relatively low impedances 
at radio frequencies. Consequently the _ radio 
frequency voltages cause disturbing currents to 
flow through the mains and earth leads as shown. 
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Fig. 3 Diagram showing the current paths for a 
split field commutator motor with earthed frame. 


Even if the frame of the machine is not earthed 
radio trequency currents will still flow to some 
extent, since the capacity between the frame of the 
machine and earth also presents a relatively low 
umpedance. 

To determine completely the circuit of fig. 3 it 
would be necessary to measure the voltage and 
umpedance between each mauins-lead and earth and 
also between the two mauns-leads. 

The factors of umportance are usually the voltages 
developed between the terminals of the apparatus 
and between these terminals and earth. 
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In order to make these measurements independent 
of the supply mains the circuit shown in fig. 4 has 
been standardized. The radio frequency chokes, L, 
present a high impedance to radio frequency currents 
and eliminate the effects due to the impedance of the 
particular mains used. The resistances R,, R, and 
R, are to simulate the impedances between the two 
conductors of the supply mains and between these 
conductors and earth, the values of the resistances 
shown being those adopted by the British Standards 
Institution as representative of the average domestic 
supply mains. The chokes also prevent any radio 
frequency voltages present in the supply mains from 
reaching the measuring apparatus. 
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Fig. 4. Diagram of standard mains network. 


Two measurements of voltage are made. The 
first is of the voltage between the mains terminals A 
and B with the switch S open. This voltage is known 
as the “symmetrical component.”’ The second is of 
the voltage between both mains, connected together 
by closing the switch S, and earth at the terminals 
D and E. This voltage is known as the “‘asymmet- 
rical component.” The interference measuring set 
used for these measurements takes the form of a 
sensitive calibrated radio receiver, the circuit of 
which is designed so that the reading of its output 
meter is proportional to the ‘annoyance’ caused by 
the interference. 

Further details of the method of testing will be 
found in British Standards Specification No. 727, 
1937. 

SUPPRESSION AT THE RECEIVER. 

Radio interference may be suppressed either at 
the source or at the receiver. 

While good results may frequently be obtained 
by the use of suppression at the receiver, the suppres- 
sion usually applies only for a particular source of 
interference and often calls for critical adjustments. 
It is therefore unsatisfactory in the presence of more 
than one source of interference and for this reason 
suppression at the source is usually to be preferred. 

Broadly speaking suppression at the receiver ts 
generally obtained by one of the following methods: 

Where the interference is being fed directly into 
the receiver through the mains-leads it 1s readily 
suppressed by inserting suitable low pass filters in 
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these leads. In cases where external interference is 
radiated from the listener’s own power mains and is 
being picked up on the aerial of the receiver, a 
useful degree of suppression can be obtained by 
inserting low pass filters in the mains where they 
enter the listener's premises. These filters have the 
disadvantage, however, of having to carry the full 
load current of the listener's premises. 

Where the interference is picked up on the ¢ *rial 
it is often possible to place the aerial in some c “her 
position where the strength of the interfering field 
is less, and connect it to the receiver by a special 
radio frequency cable with suitable transformers. 
Alternatively, methods have been developed whereby 
the interfering voltages are balanced out in the 
receiver by similar voltages picked up on a second 
aerial in which the ratio of the interfering voltage to 
the wanted signal is different. 

Special suppression circuits have been developed 
for inclusion in the receiver for cases where the 
interfering voltages contain high peaks of very short 
duration. 


SUPPRESSION AT THE SOURCE. 

It is usually possible only to reduce the magnitude 
of the radio frequency voltages developed in an 
electrical appliance and not to remove them 
altogether. It is therefore important to know the 
level of interference that can be tolerated at the 
terminals of the appliance if the listener is to obtain 
reasonable freedom from radio interference. This 
point is of vital interest to the manufacturer so that 
he may test his product at the works with a reasonable 
assurance that it will not produce appreciable inter- 
ference in use. 

Before the permissible level of 


that it was desired to receive. This corresponds to a 
voltage ratio of 1 to 100. 

The first two factors, however, vary enormously 
from case to case and the British Post Office and others 
have carried out an extensive series of tests in actual 
listeners’ premises to ascertain their average values. 

Using these results as a basis, a British Standards 
Institution Committee, representing a wide range of 
interests in the electrical and radio industries, has 
adopted a limit of 500 microvolts for the symmetrical 
and asymmetrical components of the interference 
producing voltages (subject to certain tolerances 
specified in more detail in British Standards Speci- 
fication No. 800-1939) at any frequency between 
200 and 1,500 kilocycles per second. These voltages 
are those measured at the terminals of the appliance 
in the manner described earlier in this article and in 
British Standards Specification No. 727-1937. 
Similarly the limit for the directly radiated field has 
been fixed at 100 microvolts per metre, when 
measured at a distance of 10 yards from the inter- 
fering item, for any frequency between 200 and 1,500 
kilocycles per second. 

In many special cases, however, very little in- 
formation is available as to what degree of suppression 
is required until the apparatus has been installed, 
when the fitting of suitable suppressors may be much 
more difficult. So far, however, no difficulty has 
been found in providing the necessary suppression 
in the cases which have been investigated. 

In the case of ships, the field strength of the wanted 
signal may be extremely low and the coupling 
between the interfering items and the receivers, 
with their associated aerials, varies markedly accord- 
ing to their relative positions in the ship and the 





interfering voltage appearing at the win 
terminals of a machine can be fixed 
it is necessary to know :— 
(a) the magnitude of the desired 
signal that will be available at 
the receiver, 
(6) the magnitude of the un- 
desired interference that will 
be produced in the receiver 
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as the result of a given = 
interfering voltage at _ the 
appliance, 

(c) the maximum permissible ratio between the 
quantities (a) and (b) in order that the listener 
may be able to tolerate, or not notice, the 
interference. 

As a result of numerous tests carried out for the 
International Special Committee on Radio Inter- 
ference (C.1.S.P.R.), it was decided that the upper 
limit of intensity of audio-frequency interference 
which could be tolerated was 40 decibels below the 
maximum intensity of the audio-frequency voltage 





Fig. 5. Recommended maximum values of the capacities which should 
be used between the mains and frame of portable A.C. apparatus. 


number of bulkheads between them. It has still 
been found possible, however, to reduce the inter- 
ference from such items as fans and even electric 
lifts to acceptable proportions. 


SUPPRESSOR CIRCUITS. 

The circuits used to reduce the magnitude of the 
radio interference voltages are usually discussed from 
the point of view of their action 1n localising the 
interfering currents within the machine. It 1s 
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probable, however, that they also modify the nature 
of any spark taking place at the point where the 
current is interrupted, in the manner subsequently 
discussed when considering the suppression of high 
voltage neon signs. 

Taking the former point of view here, it will be 
obvious by reference to fig. 3 that a condenser 
joined directly across the terminals of an interfering 
item reduces the symmetrical voltage to an extent 
depending on the internal impedance of the machine 
and the impedance of the condenser, a high value of 


the former and a low value of the latter being most 
effective. 
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a sufficiently low level by means of condensers alone. 

Frequently in the case of portable machines 
using A.C. commutator motors, however, the value 
of the condenser which has to be connected between 
the live terminals of the machine and its frame in 
order to suppress the asymmetric component of 
the interference when the machine 1s used with its 
frame earthed, is such that dangerous shocks could be 
obtained between the frame and earth when the 
machine is used in the unearthed condition. After 
extensive tests it has been agreed that the maximum 
values of the capacities which should be used with 
portable A.C. apparatus are as shown in fig 5 (a), 








tT ¥ 


ee ete os 





(Cc) 





[a 








ae 


Fig. 6. Suppression of universal D.C. and A.C. motors. 


In a surmular way a condenser from the frame or 
case of an item to the mains terminals reduces the 
asymmetric voltage. In this instance, the impedance 
of the condenser should also be low compared with 
the umpedance between the case and earth, or inter- 
fering currents may still choose the earth as a 
return path to the mains terminals and thus continue 
to cause interference. If the size of the condenser 1s 
lumited for any reason (such as risk of shocks) cases 
will arise where the internal impedance of the device 
is not sufficient to cause the necessary voltage drop at 
the terminals due to the load of the condenser. In 
such cases further improvement 1s obtained by 
inserting radio-frequency wumpedances, in the form 
of chokes, in series with either or both leads between 
the item and the condensers. An alternative arrange- 
ment us to leave the condenser across the actual 
leads of the interfering item and connect the chokes 
between these leads and the mains. In some cases 
the use of condensers 1s not admussible and adequate 
suppression can then usually be obtained by the use 
of chokes alone, provided their impedances are 
suitably chosen. 


REPRESENTATIVE APPLICATIONS OF SUP- 
PRESSION AT THE SOURCE 


- Commutator Motors. 


In the majority of cases the directly radiated 
interference from an electric motor is sufhaently low 
to be neglected and suppression of the mains-borne 
interference 1s all that is required. 

Where the machine ts mgidly earthed it is 
frequently possible to suppress the interference to 


where two similar condensers are connected across 
the mains with their common point connected to the 
frame of the machine, and in fig. 5 (b), where only 
one condenser is connected between one mains- 
terminal and the frame. These values are such that 
the shock experienced by anyone touching the case 
of an unearthed machine, while in contact with an 
earthed body, would be scarcely perceptible. 

With D.C. machines the maximum permissible 
value of the condenser between the mains and case 
can be raised to about 0-1 mucrofarad, since in this 
case any shock is restricted to the initial charging 
or discharging current of the condenser. 

As a result of the above restriction on the maximum 
size of condenser that it 1s possible to connect between 
the case of the machine and the mains-termuinals, or 
brushes, it ts generally necessary to employ radio- 
frequency chokes, in addition to condensers, to obtain 
adequate suppression in the case of portable apparatus 
such as vacuum cleaners, or floor polishers, which 
embody universal D.C. and A.C. motors. 

Table 1 shows the magnitude of the interfering 
voltages for an earthed floor polisher embodying 
a universal motor both in the unsuppressed 
state and when suppressed by a number 
of different forms of suppressor as shown in 
hig. 6. 

Tests were first made with the whole of the field 
winding connected to one side of the armature as 
shown in fig. 6 (a). With condensers of the value 
shown, chokes of the order of 7-5 miullihenries were 
required to reduce the interference to the limits 
given in British Standard Specification 800-1939. 
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By splitting the field winding so that a portion of 
it 1s connected between each brush and a main as in 
fig. 6 (b), it is possible to obtain approximately the 
same degree of suppression with mains-lead chokes 
of only 2 millihenries. The additional suppression 
is obtained through the presence of a portion of the 
field winding on each side of the armature. 

By coupling the two chokes electrically, so that 
the mutual inductance aids the self inductance of 
the coils for the asymmetrical component of the 
interference, it 1s possible to increase the suppression 
obtained on the asymmetrical component without 
increasing the actual inductance of the chokes. This 
component is generally the more difficult to suppress 
on account of the limitation in the size of the 
condensers connected to earth. The reduction in 
suppression of the symmetrical component brought 
about by this arrangement is readily compensated by 
an additional condenser across the mains terminals. 
Coupling the chokes, as described above, has the further 
advantage that they present a lower inductance to 
the load current and the voltage drop across them 1s 
therefore reduced. This is of particular importance 
in the case of portable drills where a high stalling 
torque is required. 

As an alternative to the use of mains-leads chokes, 
a single choke might be placed in the earth lead as in 
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fig. 6 (c). As the earth lead constitutes the common 
return path for the asymmetric components of the 
interference flowing in the two mains-leads it should 
be possible to use a choke of approximately half the 
inductance that is required in the case of mains-lead 
chokes. Table I confirms that this is so. The fact 
that only one choke is required, and that this has 
only half the inductance of the corresponding 
mains-leads chokes, together with the fact that it 
carries no load current, is a definite attraction. 
Further consideration, however, raises factors 
offsetting these apparent advantages. The earth- 
lead choke would have to carry fault currents up to 
the fusing current of the circuit without burning out, 
where the fault was not sufficient to blow the fuse. 
Since floor polishers and similar appliances are 
frequently used on 15 ampere circuits fused at, say 
30 amperes, chokes having a high current rating would 
be required and the expected saving in bulk is there- 
fore not realised. The impedance of the choke must 
be kept low so that the potential of the case of a 
machine above earth during a fault, as described 
above, does not rise to a dangerous value. From a 
purely interference aspect the earth-lead choke has 
the disadvantage that the user tends to short out the 
choke should he touch the case during use of the 
apparatus. This might easily occur, for example, 


TABLE I. 


Mains-borne interference from a floor polisher fitted with a universal motor, 
tested with the frame of the machine earthed. 
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Fig. 7 Kesults obtained on 100 vacuum cleaners 

fitted with suppressors illustrating the variations 

in suppression which may be experienced on a large 

batch of machines. 

with a vacuum cleaner having a metal handle. 
The corresponding figures for the floor polisher 
unearthed are given in Table II. Owing to the much 
lower intensity of the asymmetric component it is 
possible to obtain the required degree of suppression 
in this case without the use of radio-frequency chokes. 
Where a large number of machines of one type 
are produced, before a suitable suppressor can be 
designed which will ensure that the majority of the 
machines will be suppressed to the desired level, 
it is essential to determine what spread will be 
experienced between the interfering voltages from the 
various machines after suppression has been fitted. 
Fig. / gives atypical set of results obtained on 100 
vacuum cleaners fitted with mains-lead suppressors, 
the machines being tested with the frames earthed. 
An appreciable reduction of the spread between 
the results on the different machines may be brought 
about by a closer control of the various manu- 
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facturing operations. In such cases smaller suppres- 
sors can be used and this 1s often an important 
point where it is desired to keep space and weight 
down to a minimum. 

As a further illustration of radio interference 
suppression applied to a commutator type of machine, 
hig. 8 gives the intensity of the interference from a 
D.C. ship’s fan over the long, medium and short 
wave bands before and after suppression had been 
applied. This fan was a G.E.C. 12in. sweep oscil- 
lating fan with a two speed control (type V3048). 
Owing to the low field strengths of the wanted signal 
and the wide range of frequencies concerned it was 
necessary to suppress this fan to a low level over the 
whole of the long, medium and short wave bands, 
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Fig. 8..Mains-borne interference from a D.C. fan 
before and after suppression. 
suppression being particularly important over the 
short wave band. The curves give the measurements 
taken with the fan running on the high speed which 
produced the greater interference. The residual 


TABLE II. 


Muains-borne interference from a floor polisher fitted with a universal motor, 
tested with the frame of the machine unearthed. 
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interference from the fan after suppression was too 
low to measure accurately. Suppression was 
obtained, in this case, by re-arranging the field wind- 
ing connections so that there was a portion of the 
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(b) 
Fig. 9.-Suppression of a 2-speed D.C. fan. 


Terminals 1 and 3 low-speed connection, terminals 
2 and 3 high-speed connection. 
(a) Machine unsuppressed. (b) Machine suppressed. 


field winding on each side of the armature, together 
with the use of condensers from each brush to the 


frame, and from each of the high speed mains- 
terminals to the frame, as shown in fig. 9. To obtain 
the degree of suppression shown in fig. 8 over the 
short wave band the condenser leads had to be kept 
as*short as possible. 


SWITCHING DEVICES. 


As a typical example of the suppression of a simple 
switching device, fig. 10 and Table III illustrate 
the suppression of the radio interference from a 
thermostat controlling a number of heating panels. 

It is of interest to note that the intensity of the 
interference from the thermostat was practically 
independent of the value of the current it was con- 
trolling over the range of currents employed in the 
test, viz. 5-5 to 14 amps. This is very simular to 
the case of electric motors where it is found that the 
load may be varied over wide limits without 
appreciably affecting the intensity of the interference. 

The method adopted for suppressing the inter- 
ference from switching contacts must depend to a 
large extent on the conditions which have to be 
fulfilled by the equipment. For example, in the case 
of the controller of a trolley-bus it is not possible 
to employ a condenser across the contacts as in fig. 10 
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Fig. 10.-Method of suppressing the interference 


caused by a thermostat. 
owing to the danger arising from a short circuit in 
the condenser by-passing the contacts. A simular 
condition would arise in the case of the control 
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Mains-borne interference from a thermostat controlling a number of heating panels on 50 cycles A.C. 
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of an electric lift. In such cases suppression 
by means of radio frequency chokes 
alone, their inductance being so chosen that their 
radio frequency impedance is high compared with 
that of the network into which they are connected, 
so that practically the whole of the radio interfering 
voltage 1s dropped across the choke and only a small 


fraction passed on to the line. 


ry 
. 
} ‘ 
. 


nas to be etie tec 


Osira Lamps. 


Generally speaking, high pressure mercury vapour 
lamps do not cause any appreciable radio inter- 
ference. Occasionally, however, 1solated cases have 
arisen where Osira street-lighting installations have 
caused radio interference due to the lamps having 
been ted from an open wire overhead system running 
near the listener's premises. Suppression has been 
readily obtained in such cases by fitting small 
condensers directly across the lamp termunals. 
Suitable values for the standard sizes of lamps are 
given in Table IV. 

These values represent the maximum capacity 
that it 1s permissible to use with each size of lamp. 
lf larger capacities are employed the wattage of the 
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Fig. 11 Typical circuit of a neon tube. 


lamp will be appreciably increased with a corres- 
ponding falling off in its performance and life. 


Neon Signs. 

The interference from neon signs may be either 
directly radiated or mains-borne. Generally speaking 
the former 1s less severe than the latter. However, 
some of the larger types of signs which cover an 


TaBLe IV. 


Condensers for Osira lamps. 
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extensive area cause quite an appreciable radiated 
interference. Cases also frequently arise where 
interference 1s experienced from direct radiation 
owing to the listener's aerial being unusually close 
to the sign. However, it 1s possible to adopt a single 
suppressor which will satistactorily suppress both 
the mains-borne and the directly radiated interference. 
It has been known for some time that to suppress 
parasitic oscillations in neon signs satisfactorily, and 
hence to reduce flicker and radio interference, 1t 1s 
desirable to suppress each tube individually( °~’). 

The origin of the radio interterence from a neon 
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sign will be understood from the following brief 
explanation. Consider for simplicity the circuit of 
fig. 11 where C 1s the effective shunt capacity across 
the tube due to the lead covered H.T. cable between 
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Fig. 12.--Static characteristic of a neon tube. 
the secondary of the leakage reactance transformer 


T and the neon sign N. Let the static volt current 
characteristic of the tube be represented by fig. 12. 
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’ l 
Fig. 13... Dynamic volt-current characteristic of a neon 
tube connected to a leakage reactance transformer 


through two 20ft. lengths of lead covered H.T. cable, 
unsuppressed. 


As soon as the voltage reaches the value indicated 


by A in fig. 12, the tube strikes and a sudden rush of 


current occurs as the capacity C discharges through 
the tube, the volt-current characteristic tracing out 


the curve indicated diagrammatically in fig. 13. If 
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a choke 1s inserted in series with the tube, as shown 
in fig. 14, having a suitable value of inductance L and 
resistance R, the volt-current characteristic becomes 
restricted to the portion OABC of the static curve. 


i + N 


Yet _) 


Fig. 14.--Typical circuit of a neon tube with choke 
inserted. 























In these circumstances the problem approximates 
to that of the generation of high frequency oscilla- 
tions in the closed circuit consisting of C, L and R 
in series with the neon tube N due to the negative 
resistance of the tube. These oscillations are heavily 
modulated by the damped low frequency oscillations, 
which are set up in the closed circuit consisting of 
the secondary of the transformer T and the capacity 
C due to shock excitation when the tube strikes, 
causing an almost continuous frequency spectrum. 

To suppress completely the high frequency 
oscillations in the circuit CLRWN the positive series 


| 


Fig. 15.—Dynamic volt-current characteristic of the 
neon tube (fig. 13) suppressed. 
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resistance R must be made greater than the maximum 
negative resistance of the tube over the portion 
AB of the characteristic (see fig. 12). 

Increasing the value of L simply reduces the 
frequency of the oscillation but does not suppress 
it. Actually, however, a certain amount of suppres- 
sion is obtained, owing to the presence of L and R 
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Fig. 16. Claude-General 1.5 henry suppressor 
choke. 


reducing the amplitude of the shock excitation of the 
circuit TC, and also owing to the reduced frequency 
of the high frequency oscillations. The success 
obtained in practice by the use of low frequency 
chokes is due to their effective series resistance 


being sufficiently high, at the limiting frequency of 
the oscillations in the CLRN circuit, to neutralize 
the negative resistance of the neon tube, as will be 
described in more detail when considering the choke 
suppressor designed by J. B. Lovell Foot. 

In applying the above theory to the practical 
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FREQUENCY IN CYCLES PER SECOND 


Fig. 17.-Effective series inductance of ‘‘solid’’ iron 
cored choke. 


case, allowance must be made for the fact that the 
dynamic impedance characteristic of the tube will 
differ from that of the static curve as the rates of rise 
and fall of current are so great that the normal 
ionization and deionization does not have time to 
take place. 

In confirmation of the above theory it was found, 
in the case of a 16 mm. neon tube 8ft. 61n. long run- 
ning at approximately 45 mulliamps, that inserting a 
10,000 ohm resistance in series with the tube reduced, 
but did not suppress, the radio interference. Raising 
the resistance to 15,000 ohms largely eliminated the 
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Fig. 18.Effective series resistance of ‘‘solid’’ iron 
cored choke. 
interference, while 20,000 ohms gave almost complete 
suppression. A measurement of the negative 
resistance of the tube from the dynamic volt- 
current characteristic, after suppressing the tube, 
gave a value of 15,000 ohms. A volt-current dynamic 
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characteristic for a suppressed tube is shown in 
hg. 15. 

Fig. 16 shows a 1-5 henry suppression choke 
designed by J. B. Lovell Foot tor attaching to the 
electrodes of neon tubes. This choke utilizes a 
cylindrical solid 1ron or mild steel core and acts as 


i wy 


Fig. 19. Curve of intensity of directly radiated 
interference using a choke with a removable iron 
core. 


a very effective suppressor, typical figures for the 
directly radiated interference at a frequency of 200 
kc at 4 yards distant from the tube being: 
unsuppressed 1,400 microvolts per metre and 
suppressed 16 microvolts per metre. 
The action of these suppressors will be readily 
understood from an examination of the curves of 
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Fig. 20. (a) Introduction of capacity by connecting tubes 
with H.1T. lead covered cable. 
(b) Oscillating circuits formed by using method 
of connection shown in (a). 


hes. 17, 18 and 19 taken on one of the early experi- 
mental chokes which had a removable iron core. 
Figs. 17 and 18 give the effective series inductance 
and resistance of the choke with the iron core in 
place, and with the iron core removed. Fig. 19 gives 
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the intensity of the directly radiated interference at 
200 kc measured at a distance of 4 yards as the iron 
core 1s gradually inserted into the chokes. It will be 
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Fig. 21. Impedance-frequency characteristic of a 
4.5 millihenry 2 ampere iron cored choke. 


noted from figs. 17 and 18 that the insertion of the 
solid iron core into the coil has raised its effective 
series resistance to over 15,000 ohms over a wide 
band of frequencies, viz. 10,000 to 80,000 c.p.s., but 
has produced only a slight change in the effective 
series inductance of the choke over the above 
frequency band. If C in fig. 14 is taken as 500 
micromicrofarads, which would roughly correspond 
to a sign fed with two 20 ft. lengths of lead covered 
H.T. cable, an ultimate resonant frequency of the 
high frequency oscillations in the circuit RLCN, just 
prior to suppression, would be approximately 15,000 
c.p.s. This falls within the frequency band over 
which the effective series resistance of the suppression 
choke exceeds the value of 15,000 ohms which has 
been shown previously to be necessary for suppressing 
a single 8ft. 61n. tube. 
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Fig. 22. 4.5 millihenry 2 ampere iron cored choke. 


Suppression of several neon tubes run in series 
off one transformer falls into two groups. Where 
the tubes are connected together by short wire links 
so that the capacity to earth is small at these points, 
a single suppressor of suitable value may be em- 
ployed or, alternatively, a number of smaller sup- 
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pressors. If the tubes are connected by lengths of 
lead covered H.T. cable an appreciable capacity is 
introduced between each end of the tubes and earth as 
shown in fig. 20 (a). In this case each tube with its 
associated earth capacities forms an_ oscillatory 
circuit, as shown diagrammatically in fig. 20 (b), 
generating radio interference and must be suppressed 
individually by the insertion of suitable chokes or 
resistances as indicated at L,, L., L., and L,. 

Further examples of radio interference suppression 
have been given by Gill and Whitehead. 





Fig. 23. Comparison between impedance-frequency 

characteristic of 1 ampere iron and air cored chokes. 

Effective inductance at 1 Mc., iron cored choke 0.8 milli- 
henries, air cored choke 0.9 millihenries. 


IRON CORED CHOKES. 


It is frequently possible to reduce the overall 
dimensions of the chokes quite appreciably by the 
use of ones with iron cores. This is of particular 
interest in the case of portable apparatus such as 
vacuum cleaners, etc., or in other cases where space 
is limited. 
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Fig. 24. 0.8 millihenry 1 ampere iron cored 
choke. 


It is found that satisfactory radio frequency 
chokes can be made using the standard thicknesses 
of Stalloy stampings, the effective permeability of the 
core at radio frequencies being still sufficiently high 
to be beneficial, while the losses in the iron produce 
only an appreciable reduction of the impedance 
over a small range of frequencies close to the resonant 
frequency of the choke. 

Fig. 21 gives the impedance frequency curve for 
a 4-5 mullihenry tron cored choke designed for a 
D.C. load current of 2 amperes. This choke was 
built up from Stalloy No. 55 T and U stampings 


with two air gaps of 0-02in. in series and was wound 
with 200 turns of 22 S.W.G. enamelled and 5S.5S.C. 
copper wire, the various layers being spaced with 
Empire cloth to reduce the self capacity of the coil 
(see fig. 22). For comparison the impedance curve 
for a resistanceless choke having approximately the 
same value of inductance and self capacity, viz. 
4-5 millihenries and 23 uuF at one megacycle per 
second, has been included in the figure. 

Fig. 23 gives the impedance frequency curve for 
a one ampere 0.8 millihenry iron cored choke utilizing 
a straight bar core built up to jin. thick from Stalloy 
stampings l}in. = jin. (see fig. 24). 

For comparison, the impedance frequency curve 
of a 0-9 millihenry wave wound air cored coil of 
the same current rating is also given in fig. 23. 

As has been found by S. Whitehead and L. H. 
Daniel,'*’ ‘°°’ ‘°° who have studied the design of iron 
cored chokes in considerable detail, very little 1s 
gained, in effective permeability, by the use of an 
almost closed iron circuit over the straight bar core. 
For example, the effective permeability of the 4-5 
millihenry choke at one megacycle per second, with 
its almost closed iron circuit, was approximately 4-8 
compared with a value of approximately 4-3 for the 
0-8 muillihenry straight bar choke. 

The closed iron core type of choke has the dis- 
advantage, compared with that of the bar type, that 
its inductance increases much more rapidly with 
decreasing frequency and causes, in consequence, a 
greater voltage drop at the mains supply frequency. 


TABLE V. 





Inductance in millihenries 
Choke 
50 cycles 1 M.c. 


+.5 milhhenry ‘closed 

iron core ne 12.8 + 44 
0.8 millhhenry bar 

ore 1 74 () SO) 











Typical values are shown in Table V which gives 
the inductance at 50 cycles and one megacycle of the 
above two chokes. 

Cases have arisen in practice, however, where 
the above drawbacks of the closed iron circuit choke 
have been outweighed by the fact that it is frequently 
possible to place this type of choke in much closer 
proximity to a metal case than is possible with a 
bar type of choke. 
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Analysis of the M.M.F. Curves 
of Short-Chorded Windings. 


Full-pitch windings. 

N polyphase windings, such as 
those used for the stators of 
induction motors and altern- 

ators, the curve of distribution of 
m.m.f. produced by the current 
depends on the style of winding 
and on the instantaneous values of 
the currents in the conductors. 

For a 3-phase _ full-pitch 

winding, the curves of m.m.f. 
distribution are shown in figs. la 


and lb. 


hy 


R. G. JAKEMAN, D.Sc., M.L.E.E., 


Witton Engineering Works. 


The induction motor designer 
encounters problems at _ times 
which necessitate a knowledge 
of the harmonics in the m.m.f. 
curves of the windings. In this 
article formulae are developed 
for determining these harmonics 
for 3-phase and 2-phase short- 
chorded windings without the 
use of harmonic analysis. Curves 
and tables are given relating the 
values of the principal harmonics 
to the slot pitch of the winding. 


the well-known methods of harm- 
onic analysis. Since, however, the 
curves are simple geometrical 
figures, the harmonics can be 
obtained directly by calculation. 
It will be noticed that the steps 
in the curves due to the individual 
slotting within the phase groups 
have been neglected. These 
actually produce higher harm- 
onics, but do not affect the 
argument with regard to the 





Fig. la corresponds to the 
instant when the current in one 
phase is maximum and 1n the two other phases half 
the maximum. Fig. lb corresponds to the instant 
when the current in one phase is zero and in the 
two other phases 0-866 of the maximum. These 
are the two limiting cases and the m.m.f. curve 
fluctuates between these two shapes at six times the 
supply frequency, while at the same time the whole 
curve rotates in space at a speed corresponding to 
the supply frequency. 

In order to determine the values of the harmonics 
in these two curves, they can be analysed by any of 
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Phree-phase full-pitch winding. 


general shape of the curves. * 

The shape of the flat topped 
distribution in fig. lb 1s a 
trapezium and Prof. Parker Smith’’’ has shown 
how to calculate the harmonics in any form of 
trapezium from the rectangle to the triangle. 
The pointed shape in fig. la is rather more compli- 
cated, but it 1s found that the harmonics are exactly 
the same as for the flat-topped shape in fig. 1b, 
but some are reversed in sign.* It is therefore only 
necessary to determine the harmonics in the fiat 
topped shape. 


3-phase short-chorded windings. 


If the winding is short chorded, 
the m.m.f. curves are modified and 
a simple trapezium is no longer 
’ oad NG obtained. 

Fig. 2 gives diagrams for a 
3-phase two layer  short-chorded 
winding. Fig. 2a shows the instant 
when the current in one phase ts a 
maximum and in the two other 
phases half the maximum. The 

RVI direction of the current 1s indicated 

by dots and crosses in the usual 

war way. The m.m.f. curve is seen to be 

rather complicated and this is due 

to the fact that coil-sides in the 

‘SeSES. same slot do not carry the same 
current. 
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From a to 5, both coil sides carry 
the maximum current, so that the 
m.m.f. is 2/,,.u/2, where uw is the 
number of conductors per slot. From 
b to c, one coil side carries the max- 
imum current and the other half the 









CURRENT ) CURRENT 
LOADING c LOADING 



































maximum, so that the m.m.f of each : & Bs 7 
slot is 1-5 J,.,.u/2. From c to d, A 
each coil side carries half the maxi- MMF MMF 
mum current, so that the m.m.f. per CURVE CURVE 
slot is J,,, u/2. From d to e, the | 
currents in the two coil sides oppose | 
each other and the m.m.f. is zero. 

Fig. 2b shows the instant when 
the current in one phase is zero (a) (b) 
and in the two other phases + 0-866 CURRENT IN PHASE @ = 1-0 CURRENT IN PHASE @ = 0-466 
and — 0-866 of the maximum. The . . . ae ‘ ape teas ae ol 
m.m.f. curve for this instant is much " “ » % =O x = -0-866 
simpler and lends itself to analysis. Fig. 2.--(a) and (b)--Three-phase short-chorded winding. 


It is found that the harmonics in 
both figures 2a and 2b are the same, 3 
but some are reversed in sign.* It is there- The value of a, can then be obtained as follows :— 
fore only necessary to deal with fig. 2b. - 

It will be seen that the current per slot from 


an". 
a to b is double that from 6 to c. It follows that a, =| y sin nx dx 
the slope of the m.m.f. shape from O to « 1s double /0 
that from « to %. o 
Any curve symmetrical with respect to the 4\ y, “sin nx dx 
abscissa axis can be expressed by Fouriter’s series wa 
as follows :— a 
f(x) = a,sinx + a;sin3x + .... +4a,Sinnx +... 4\ y,* pen 
-b,cosx + 6,cos3x + .... + 6,cosnx 7 
Since the m.m.f. curve is symmetr.cal about the "@ 
= 2 axis, there are no cosine terms, so that it is now = 
a question of determining the values of the a terms, 4 \ , g a aes 
and it is found that the value of a,, is :— of PSR 
ee | TP: 
a, = “| f (x) sin nx dx This expression can be developed and the final 
0 result is :-— 
t | 2y, {/sinnz + sinn$ 
Si f (x) sin nx dx S += - 
The equation of the m.m.f. curve in fig. 2b is where « is expressed in radians, 


y —f (x) and it is made up of three parts between 360y; (= na +- sin =) 
n or a, = 3 5 
- 


x =oandx Te Rae 


: 
If « is expressed in degrees, fig. 3 shows the 


1. From O to 4, y = y, relation between the angles « and @% and the slot 

2. From to%,y = y, +(y2-y,)*—2 pitch, for 3-phase windings. It will be seen that the 
Be tae crew yet ee following relation holds good throughout :— 

Since the slope from O to « 1s double that from x +8 = 120° 


x to 3, it follows that y,/x = 2 (y.-y,)/($ —) so that 
vy. =y, (8 + 2)/2x and the equation for the 2nd part Example. 


becomes :— y =y, 242 Take as an example, a 3-phase winding with a 
— slot pitch of 70 per cent. 
Q re 5 ~- & . fy 
3. From 4 to 9 Y¥ =yo=y 5 From fig. 3, « = 33° and 4 = 87 
Zz 
For phase windings. the 5th and 7th. 17th and 19th .< RATIMBOuM + - 360y, l ] 
reed sign, while the 1ith and 13th, 23rd and 25th. &c.. are not Z sack y; 


revetTora 
- ~reext “=e 4 r ’ ‘* ° 
, 2 LAs a 








64 
Table I gives the relative values of 
ar for th example. Table 
TABLE | 
, , 1+] 


percentage values of harmonics for various values of 
the slot pitch and some of these are plotted in hig. 4. 


G.E.C. 


the various 
Il gives the 





har- 
moni« 











&O 80 


PER CENT SLOT PITCH 


Fig. 3.. Relation of 7 and % 
3-phase short-chorded windings. 


The actual values may be determined as follows :— 


Value of harmonics tn 3-phase windings. 


to slot pitch for 
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2-phase short-chorded windings. 


The m.m.f. shapes for a 2-phase short-chorded 
winding are given in fig. 5. Fig. 5a shows the instant 
when the current in one phase is maximum and in 
the other zero. Fig. 5b shows the instant when the 
current in both phases equals 0-707 of the maximum. 

It will be seen that the calculation is much 
simpler than for the 3-phase case, since fig. 5b 1s a 
plain trapezium. It is therefore unnecessary to deal 





PER CENT HARMONIC 
© 








60 70 80 90 
PER CENT SLOT PITCH 





Fig. 4. Harmonics for 3-phase short-chorded 


windings. 
with the more complicated shape in fig. 5a, since 
both shapes have the same harmonics, but some with 
reversed sign.* 


Denoting the short chording by <« (e.g. for 80 


hy 


The coefficient for the n” harmonic in the Fourier 
series 1s then 


slot pitch, « = 0-8) the angle = in figure 5b 


, —s 
‘/ 














Referring to hg. 2b, the number of slots a, ——~» $i) Ne 4 
men’ 
| 
between O and « 1s 3 g_, where gis the number ; 
of slots per pole and phase. The current in | ‘ 
VSlaa: wWerv3 
each conductor is 4 ” goad * 
where 7 is the R.M.S. value of | eres 
the current. The m.m.f. between Peay 
O and = 1s therefore :— CORR RRL COPS Se RRR 
7 >./3 . 
Zz \ ~ \ : os Z at r ; 
} 3g ‘ -lu 3-7 gu / - | - *, 
= e— — 
where uw is the number of conductors : Ai \ 
per slot : j 1 he 
The amplitude of the a / | 
harmonic 1s Z: d \ 4 | “Taek 
> jf ' j/ A 
de <) (= n 2 sin *) j 
—z \ n \ 
74 F sinnx -sinnsS / \ 
Lie fey ; j 
han n f 
———a « , iD = 
and the amplitude of the fundamental RRENT IN PHA x 2 RRENT IN PHA . 
iS a.—0-74qul (sin « + sin 3) os die 
all expressed in AT per pole. Fig. :) and Two-phase short-chorded winding. 
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The percentage values of the harmonics obtained The amplitude of the n“ harmonic is 
trom this expression are given in Table III and some Gee. 
are plotted in fig. 6. "sae a 


a 


Eh 
sinne 5 
-" _ y a" ' . — = 0-8lgul n? 


and the amplitude of the fundamental is 


a, = 0-81 quisine > 





all expressed in AT per pole. 
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S Tasie II, 

4 3-phase short-chorded windings. Values of har- 

e monics in the m.m.f. curve when the current in one 

= phase is zero. 

0 

c& 

i 

” Per cent Harmonics in per cent 
slot 
pitch i 3 5 7 9 il 13 
LOO LOO i) 1.0 2.0 () 0.8 0.6 
Ow LOO () 2.9 0.9 0 0.1 0.3 
RO) LOO () () a () 0.8 0.4 
70 LOO {) 3.2 2.3 - .4 0.7 

| | 66.7 LOO 0 4.0 2.0 () O.8 0.6 
50 60 70 80 90 700 
PER CENT SLOT PITCH 
TaBLe III. 


Fig. 6.—Harmonics in 2-phase short-chorded 2-phase short-chorded windings. Values of har- 














windings. monics in the m.m.f. curve when the current is the 
same in each phase. 
Values of harmonics in 2-phase windings. Per cent Harmonics in per cent 
| slot 
Referring to fig. 5b, the number of slots between pitch 3 5 7 9 il 13 
Z . ) ) 
O and « is 2q-, where q is the number of slots per 100 LOO j-1h.d | 4.0) -2.0) 3.2) 0.5) 9.6 
7 OO) LOO 10.0 2.9 0.9 0.2 0.1 0.3 
pole and phase. The current in each conductor is BO +e beat pee | Whee | Sam | Tore 
; 70 100 1.9 | -3.2| 2.3] 0.6| 0.4] 0.3 
Th LOO 4.3 4.9 O.8 1.2 0.8 0.2 
: of ; I, where J 1s the R.M.S. value of the 50 100 | 11.1 | -4.0 | -2.0| 1.2] 0.8] -0.6 
current. The m.m.f. between O and z is therefore mean 
S. P. Smith and W. H. Barling: Calculation of the Magnetising © urrent 
Vo 2q 2 lu equ I 3-phase Induction Motors. Electrician Vol. 74, | 14. 


B. Hague The Mathematical Treatment of the M.M.F. of Armature Wind 
ings journal I.E.k.. Vol. 55, 1917 


, : S. P. Smuth if on-salient pol i bo-alternator and its Characrerist 
where u is the number of conductors per slot. lou LEE. Vol 47, 1911, oe, 
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Technical Literature. 


A DIGEST OF RECENT BOOKS, ARTICLES AND PAPERS BY MEMBERS 
OF THE G.E.C. AND ITS ASSOCIATED COMPANIES. 


HAKMONIC. ANALYSIS BY THE METHOD OF CEN- 
rTRAL DIFFERENCES.* 
Mey DD. C.. Repley (..—0.. Research Laboratories) 


A method for the treatment of non-linear character- 
istics 1s described. The analysis 1s not limited to 
any number of values of a tabulated function. To 
facilitate numerical calculation a table of constants 
is included so that direct evaluation of harmonics 
up to the fifth can be obtained from characteristics 
determined by a maximum of eleven points. 
Particular reference is made to distortion in 
thermionic valves although the method 1s not 
lumited to such cases. 


LIGHT SCATTERING BY ROAD SURFACES. A 
THEORETICAL TREATMENT.* 
My A. Blech (C4.—.4.. Research Laboratories). 

’ -. ’ éf iG faeuct 19i% 


The hypothesis 1s put forward that a road surface 
behaves like a system of an infinite number of 
polished facets, the orientation of which varies 
according to certain distribution laws, and the 
reflecting efhciency of which depends on the angle 
of reflection. An experiment is described which 
suggests the existence of such a system of facets. 
A quick method of plotting 1so-brightness contours 
is also given. 


IHt COLORIMETRIC DETERMINATION OF IRON 
IN GLASS USING THIOGLYCOLLIC ACID.* 
My &.¢.. Chireeide and ‘ ella F. Pritchard (4,.—... Research Laboratories). 


Ig Remedy | i p@ Fe fb ehrwar i959 
Tests made to determine the nature and amount 
of interference likely to be caused by the various 
elements occurring in glass show cobalt to be the 
only one giving rise to serious interference. Where 
the ianeclanion elements are present only in the 
small amount necessary for decolorising no actual 
interference is caused. For coloured glasses a 
preliminary separation of the iron with zinc oxide 
is recommended. Analytical details are given for 
the modifications necessary when using the 
method for coloured glasses. The method has 
been checked against other methods and against 
a series of standardized samples. 


LEAD ARS NATE AND LEAD PHOSPHATE IN OPAL 
(;LASSES.* 
My HM. PF. Reekety ((..F (.. Research 


Laborstortes) 

Evidence from x-ray analysis leads to the con- 
clusion that the opacifying substance in a lead 
glass containing arsenic 1s lead arsenate. The 
replacement of arsemic with phosphorus produces 
an opal glass in which the opacifying substance 1s 
lead phosphate. The crystal structures of the 
lead arsenate in the opal glass and lead phosphate 
and their relations to the structures of some 
members of the opatite group of munerals are 
briefly discussed, dimensions of the unit hexagonal 
cells being determined. 


THE CREEP OF REFRACTORY MATERIALS AT 
HIGH TEMPERATURES AND ITS BEARING ON 
THE PERFORMANCE OF GLASSHOUSE POTS.* 


By J. HH. Partridge and G. F. Adams (G.E.C. Research Laboratories). 
Soc. Glass Technology, Vol. 23, p. 141, June, 1939 


Measurements have been carried out on various 
pot-clay compositions to determine their resistance 
tocreep. It was found that creep is associated with 
one or more of the following factors—recrystal- 
lisation, slip or reorientation of the crystals and 
flow of the glassy matrix. A process for making 
pots which are satisfactory in regard to both 
resistance to creep and resistance to glass attack 
is described. 


AIR-COOLED HIGH BRIGHTNESS MERCURY 
VAPOUR LAMPS AND THEIR APPLICATION TO 
PROJECTION.* 


By V. J. Francis and G. H. Wilson (G.E.C. Research Laboratories). 
rans. IFS Vol. @. fp ¥ {pri 1939 


The functions of a projector are described with 
particular reference to the light sources associated 
with it. It 1s shown that high brightness 1s usually 
the most important property of the source. After 
a review of types of source at present available, 
the possible advantages in the use of high bright- 
ness mercury vapour lamps are discussed and 
described. 


ELECTRON DISTRIBUTION IN ELECTRON-OPTIC- 
ALLY FOCUSED ELECTRON BEAMS.* 
By L. Jacob (G.E.C. Research Laboratories). 


Paul, Maz. \ ol 28, p. 8). July 1939 ae. 
A method 1s described for obtaining the electron 
distribution in a focused beam. The image size 


is obtained from this under a certain convention 


which is described. 


THE LOUDNESS OF CONTINUOUS SPECTRUM 
NOISE AND ITS APPLICATION TO LOUDNESS 
MEASUREMENTS.* 

By F. H. Brittain (G.E.C. Research Laboratories). 

“— 


ustical Soc. of Amerwa, Vol. Il, p. 113, July, 1939 

A sounc having a spectrum evenly and continu- 
ously distributed over the audio-frequency band 
is proposed as a reference sound for subjective 
noise tests in order to permit of subjective deter- 
minations being made in any surroundings instead 
of only in a heavily damped room as at present. 
Examples are given. The relation between 
loudness of a single tone and a continuous noise 
spectrum sound 1s given, together with observa- 
tions on the relative sensitivity of various parts of 
the cochlea. 


TRIODE OSCILLATORS FOR ULTRA-SHORT WAVE- 
LENGTHS.* 


By M.R. Gavin (The M.0. Valwe Co. and the G.E.C.. Research Laborat- 
ortes) 

it cle + acim ie f6 *f ' lune. 1939 

The circuit and transit tume limitations imposed 
on negative grid triode oscillators at ultra short 
wavelengths are considered. The minimum wave- 


length permitted by transit time is calculated in 
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terms of electrode clearances and applied voltages 
and is found to agree well with experiment. It is 
shown, finally, from circuit and transit time 
considerations that wavelengths of the order of 
10 cm. are not beyond the possibility of achieve- 
ment with negative grid triodes. 


SIGNAL HANDLING CAPACITY OF H.F. VALVES.* 


By R. W. Sloane (The M.O. Valve Co. and the G.E.C. Research Labor- 
atories). 


Wireless Lngineer, lol. 16 Pp. 243, Neowember, 1939 


A method of measuring signal handling capacity 
is developed which is simple and speedy and 
requires comparatively little special apparatus. 


A DYNAMIC VALVE TEST SET.* 


By K. A. MacPadyen and B. L. Day (The M.O. Valve Co. and the G.E.C. 
Research Laboratories). 
i Scsentific Instruments, Vol. 16 p. 324, October, 1939 


The test-set is designed for investigating the 
characteristics of medium and large amplifying, 
modulating and transmitting valves. The chief 
advantages are simplicity and accuracy, with 
safety for the operator. 


A.V.C. CHARACTERISTICS AND DISTORTION. 
GRAPHICAL ANALYSIS OF VALVE OPERATING 
CONDITIONS.* 


By E. G. James and A. J. Biggs (The M. ©. Valve Co. and the G.E.C. 
Research Laboratories). 
Wireless Engineer, Vol. 16, p. 435, September, 1939 


A graphical method of deducing the a.v.c. char- 
acteristic of a radio receiver from a knowledge of 
the valve characteristics is described. ach 
amplifying stage is studied separately and the 
value of aerial input voltage at which each stage 
distorts may be clearly observed. Several typical 
valves are examined and the best operating con- 
dition of each deduced. 


Mmumivet ' rep? ts is avaliavils mes may be oDtat 


INSTRUMENTS INCORPORATING THERMIONIC 


VALVES AND THEIR CHARACTERISTICS.* 
By E. G. James, G. R. Polgreen and G. W. Warren (The M.O. Vaive Ce. 


G.E.C. Research Laborat and Salford Electrical Instruments, Ltd.). 
Jour. 1.F.E., Vol. 85, p. 242, August, 1939. 


A review of the use of thermionic valves for 
measurement purposes dealing with those instru- 
ments in which the valve is an essential component 
and which either provide the only means of 
carrying out a particular measurement or possess 
definite advantages over alternative forms of 
instrument. 


(Reprinted in G.F.C. Journal, Vol. 10, Nos. 2 and 3, p. 112, 183, Mav and 
August, 1939.) 


TECHNICAL APPLICATIONS OF MODERN ELECTRIC 
DISCHARGE LAMPS. 


By N. L. Harris (G.E.C. Research Laboratories). 
J]. Scientific Instruments, Vol. 16, p. 173, June, 1939 


An outline is given of the specialized applications 
of modern electric discharge lamps in certain 
fields of scientific and technical work. 


A REVIEW OF ELECTRIC TRACTION IN ENGLAND 
PART I.—POWER SUPPLY FOR RAILWAYS. 


By W. G. Thompson (G.E.C. Mercury Arc Rectifier Works, Witton). 
Jour. Inst. Locomotiwe Engineers, Vol. XXIA, No. 151, p. G8l 


The author considers the use of the mercury arc 
rectifier in converting high tension A.C. for 
traction purposes. The means of ensuring 
reliability of operation are indicated, and the 
respective capacities of water-cooled and air- 
cooled steelclad rectifiers and of the glass bulb 
type are mentioned. The methods of rectifier 
protection, and the grouping of substations for 
reliability and remote control are also described. 


e Editor. Gb Journal, Witton Engineering Works, Birmingham, 6. 














An assurance 





fo our friends overseas 





We fee] it opportune to assure our friends in 
the mining industry, throughout the world, 


that we are sull able to give expert and 





prompt attention to overseas mining require- 


ments. 


Our contribution to the National programme 
at home is considerable, but the supply of 
Fraser & Chalmers mining machinery to the 


industrv in all friendly countries will be main- 





tained as usual. 





FRASER & CHALMERS ENGINEERING WORKS 


Proprietors : The General Electric Co., Lad. 











